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PREFACE 
Since  1979, t h e  Regional Development Task a t  I I A S A  i s  
engaged i n  a c a s e  s tudy  of  economic and demographic develop- 
ment, land-use and r e l a t e d  problems i n  t h e  r eg ion  of 
southwestern  Skane i n  Sweden. The c a s e  s t u d y  i s  t h e  t h i r d  
i n  a series of a t t e m p t s  made by t h e  Regional Development Task 
t o  apply systems a n a l y t i c  methods t o  r e g i o n a l  p lanning  problems 
i n  r eg ions  wi th  d i f f e r e n t  economic s t r u c t u r e s ,  r e sou rce  endow- 
ments and o r g a n i z a t i o n a l  s e t t i n g s .  
The r e s e a r c h  i n  t h e  Swedish c a s e  s tudy  i s  done i n  c o l l a -  
b o r a t i o n  wi th  t h e  Southwest Skane Municipal Board, a s  a p a r t  
o f  the i r  ongoing work i n  phys i ca l  and p u b l i c  t r a n s p o r t  p lanning  
f o r  t h e  me t ropo l i t an  r e g i o n  of Malmo, and i t s  neighboring muni- 
c i p a l i t i e s .  The r e s e a r c h  i s  p a r t l y  sponsored by t h e  Swedish 
Council  f o r  Bui ld ing  Research. 
I n  t h e  c a s e  s tudy  an i n t e g r a t e d  systems a n a l y t i c  package 
of  models i s  used which has  been developed w i t h i n  t h e  Regional 
Development Task i n  coope ra t ion  wi th  a group of  Swedish r e s e a r -  
c h e r s  and p lanners .  I n  t h a t  package, s e p a r a t e  models have been 
developed f o r  i n t e r r e g i o n a l  economic and demographic problems, 
and f o r  i n t r a r e g i o n a l  land-use problems. 
The c u r r e n t  paper  d e a l s  w i t h  an  i n t e r a c t i v e  computer model 
developed by Geof f rey  G .  Roy, U n i v e r s i t y  o f  Western A u s t r a l i a ,  
and Folke S n i c k a r s ,  Regional  Development Task,  IIASA. The t heo re -  
t i c a l  f o un d a t i o n  and s p e c i f i c a t i o n  o f  t h a t  model i s  found i n  t h e  
f i r s t  o f  a series of t h r e e  p a p e r s .  The c u r r e n t ,  second paper  
d e s c r i b e s  t h e  d e s i g n  o f  t h e  computer sys tem and a l s o  p rov ide s  
a u s e r  manual'. A t h i r d  paper  w i l l  d e s c r i b e  t h e  u s e  o f  t h e  model 
i n  t h e  Skane c a s e  s t u d y .  
The i n t e r a c t i v e  computer model d e s c r i b e d  h e r e  ha s  been 
implemented i n  t h e  p l an n i n g  environment i n  sou thwes t e rn  Skane. 
I t  s h o u l d  a l s o  prove u s e f u l  i n  o t h e r  p l ann ing  c o n t e x t s .  
B o r i s  I s s a e v  
Regional  Development Task 
IIASA, Laxenburg 
February  1981 
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1 . INTRODUCTION 
ISP i s  an i n t e r a c t i v e  p rocedure  d e s i g n e d  t o  a s s i s t  p l a n n e r s  
i n  t h e  s o l u t i o n  o f  l a n d  u s e  p l a n n i n g  problems.  I t  is  b a s e d  on 
t h e  p r o p o s i t i o n  of  a  two l e v e l  h i e r a r c h y :  t h e  macro l e v e l  a t  
which t h e  u s e r  a l l o c a t e s  and m a n i p u l a t e s  a r e a s  o f  l a n d  'and t h e  
micro  l e v e l  which i n c l u d e s  t h e  d e t a i l e d  d e f i n i t i o n  o f  t h e  pro-  
blem i n t o  p r o d u c t i o n  s e c t o r s  and s u b r e g i o n s .  A d e t a i l e d  des-  
c r i p t i o n  o f  t h i s  model i s  g i v e n  i n  Roy and S n i c k a r s  ( 1 9 8 1 a ) .  
The s u c c e s s f u l  a p p l i c a t i o n  o f  ISP depends on a number o f  
p r i n c i p l e  a s sumpt ions ,  v i z :  
( a )  Tha t  p l a n n i n g  o b j e c t i v e s  can ,  i n  g e n e r a l ,  b e  f o r m a l l y  
d e f i n e d  and e v a l u a t e d  n u m e r i c a l l y .  I t  i s  i m p o r t a n t  
t h a t  the u s e r  s h o u l d  u n d e r s t a n d  t h e  s i g n i f i c a n c e  o f  
t h e s e  o b j e c t i v e s  a s  h e  must b e  a b l e  t o  make s u b j e c t i v e  
e v a l u a t i o n s  of  t h e  o b j e c t i v e s  d u r i n g  t h e  i n t e r a c t i v e  
s e s s i o n s .  I t  i s  n o t  n e c e s s a r y  t o  assume t h a t  all 
p l a n n i n g  o b j e c t i v e s  must b e  d e f i n e d  e x p l i c i t l y  p rov id -  
i n g  t h e  u s e r  i s  s a t i s f i e d  t h a t  s u f f i c i e n t  i n f o r m a t i o n  
i s  a v a i l a b l e  t o  him t o  make whatever  s u b j e c t i v e  eva lua -  
t i o n  h e  f e e l s  n e c e s s a r y .  
( b )  Tha t  t h e  u s e r  i s  mainly  i n t e r e s t e d  i n  a l l o c a t i n g  l a n d  
( a t  t h e  macro l e v e l )  t o  s u b s e t s  o f  a g g r e g a t e d  p r o d u c t i o n  
s e c t o r s  o v e r  some sets o f  a g g r e g a t e d  s u b r e g i o n s .  
The l e v e l  o f  a g g r e g a t i o n  i s  d e f i n e d  when t h e  problem 
i s  s t r u c t u r e d ,  and t h e  d a t a  p r e p a r e d ,  and can  range  
from l i t t l e  ( o r  none) t o  h igh  l e v e l s  o f  a g g r e g a t i o n .  
N o  a g g r e g a t i o n  is  done a c r o s s  t i m e .  
(c) Tha t  t h e  u s e r  i s  a l s o  i n t e r e s t e d  i n  m a n i p u l a t i n g  some 
c h a r a c t e r i s t i c s  o f  t h e  sys tem a t  t h e  micro l e v e l  by 
imposing ( i n t e r a c t i v e l y ) '  sets o f  s p e c i a l  c o n s t r a i n t s .  
(d)  Tha t ,  u n l e s s  o t h e r w i s e  r e q u i r e d  by t h e  u s e r  o r  t h e  
a p r i o r i  d e f i n e d  p r o d u c t i o n  q o a l s ,  t h e  c u r r e n t  s t a t e  o f  
the sys tem r e p r e e e n t s  some s t a t e  o f  " e q u i l i b r i u m "  and 
t h a t  r a d i c a l  changes  a r e  n o t  t o  b e  e x p e c t e d .  
ISP must b e  c o n f i g u r e d  f o r  each  p l a n n i n g  problem. I n  a d d i -  
t i o n  t o  the r e q u i r e d  d a t a  f i l e s ,  t w o  u s e r  w r i t t e n  s u b r o u t i n e s  
must b e  s u p p l i e d .  These r o u t i n e s  a r e  r e q u i r e d  t o  compute t h e  
v a l u e s  o f  t h e  o b j e c t i v e  f u n c t i o n s  a s  r e q u i r e d  by t h e  main program. 
T h e  program is  d e s i g n e d  t o  b e  o p e r a t e d  on a  g r a p h i c s  t e r m i n a l  
(Tek t ron ix  4010 /12 /14 /15 /16  c u r r e n t l y ) ,  b u t  w i l l  o p e r a t e  on a  con- 
v e n t i o n a l  p r i n t i n g  o r  VDU t e r m i n a l ,  w i t h o u t  g r a p h i c  o u t p u t .  S i n c e  
ISP i s  d e s i g n e d  t o  t a k e  advan tage  o f  g r a p h i c  d i s p l a y s  t o  c o n c i s e l y  
p r e s e n t  l a r g e  amounts o f  i n f o r m a t i o n ,  it w i l l  loose some o f  i t s  
a p p e a l  i f  o p e r a t e d  i n  a  non-graphic envi ronment .  
Although it is i n t e n d e d  t h a t  ISP s h o u l d  b e  used by p e r s o n s  
w i t h o u t  "computer  o r  programming e x p e r t i s e " ,  t h e  s u c c e s s f u l  
i n s t a l l a t i o n  of  the program would r e q u i r e  such s k i l l s .  I t  s h o u l d  
a l s o  b e  ment ioned,  t h a t  s i n c e  ISP is  d r i v e n  by " u s e r  commands" 
a  p r o s p e c t i v e  u s e r  s h o u l d  endeavor t o  l e a r n  something o f  t h e  
scope  o f  t h e  commands a v a i l a b l e  b e f o r e  s t a r t i n g  h i s  f i r s t  i n t e r -  
a c t i v e  s e s s i o n .  
2. OPERATIONAL OVERVIEWS 
2.1 Problem S i z e  
The maximum s i z e  of any problem which can  be  hand led  
depends on t h e  a v a i l a b i l i t y  o f  computer memory and s u i t a b l e  
d imensioning o f  a r r a y s  i n  t h e  program. Array d imensioning is 
d i s c u s s e d  i n  more d e t a i l  i n  Appendix D .  C u r r e n t l y ,  however, 
t h e  program i s  dimensioned f o r  a  problem of  30 p roduc t i on  
s e c t o r s  i n  40  su b r eg i o n s  a c r o s s  1 0  t i m e  p e r i o d s  ( a t  t h e  micro  
l e v e l )  . A t  t h e  macro l e v e l ,  10 s e c t o r s  i n  10 r e g i o n s  a r e  a l lowed 
and up t o  20 o b j e c t i v e s  can b e  i nc luded .  These l a t e r  restric- 
t i o n s  a r e  governed n o t  o n ly  by t h e  a v a i l a b l e  computing f a c i l i t i e s  
b u t  a l s o  t h e  a b i l i t y  o f  t h e  u s e r  t o  comprehend t h e  macro s t a t e .  
I t  i s  s ug g es t ed  t h a t  a  p r oposa l  t o  i n c l u d e  more t h a n  10 s e c t o r s  
and/or  r e g i o n s  a t  t h e  macro l e v e l  shou ld  b e  c o n s i d e r e d  most c a r e -  
f u l l y .  
On the VAX runn ing  U N I X  a t  IIASA, ISP r e q u i r e s  approx imate ly  
275,000 b y t e s  o f  memory f o r  t h e  above s i z e  r e s t r i c t i o n s .  The 
a n c i l l a r y  r e p o r t i n g  program (ISPREP) r e q u i r e s  152,000 b y t e s .  
2.2 Data and o t h e r  d i s k  f i l e s  
S e v e r a l  d a t a  f i l e s  a r e  normal ly  r e q u i r e d  by ISP. These f i i e s  
must b e  a v a i l a b l e  t o  ISP on t h e  u s e r ' s  d i s k  a r e a .  Some program- 
ming changes  w i l l  g e n e r a l l y  be  n e c e s s a r y  t o  t h e  d e f i n i t i o n  of t h e s e  
f i l e s ,  i f  t h e  program i s  t o  b e  implemented on a  d i f f e r e n t  computer 
system. These d a t a  f i l e s  a r e :  
(a1 Problem c o n f i g u r a t i o n  d a t a  f i l e  c o n t a i n i n g  problem 
d e f i n i t i o n  and o b j e c t i v e  f u n c t i o n  d a t a  ( e s s e n t i a l )  
Cbl map d a t a  f i l e  c o n t a i n i n g  t h e  geomet r i c  d a t a  t o  d e f i n e  
a  map o f  t h e  r e g i o n  and sub reg ions ,  and t o  l o c a t e  
c e n t r e s  of  p i e  c h a r t s  ( r e q u i r e d  i f  g r a p h i c  t e r m i n a l  
s p e c i f i e d ) ,  
( c )  " r e s u l t s "  f i l e  c o n t a i n s  complete  set o f  r e s u l t s  f o r  
a l l  t r i a l  s o l u t i o n s  i n  s e q u e n t i a l  o r d e r .  T h i s  f i l e  
w i l l  a lways exist excep t  when e s t a b l i s h i n g  t h e  f i r s t  
t r i a l  s o l u t i o n  o r  when t h e  u s e r  wishes t o  s t a r t  
a f r e s h  w i t h  a  t o t a l l y  new f i r s t  t r i a l  (normally 
e s s e n t i a l )  , 
( d )  s p e c i a l  c o n s t r a i n t s  f i l e  c o n t a i n s  t h e  complete desc r ip -  
t i o n  of any s e t  of s p e c i a l  c o n s t r a i n t s  de f ined  by t h e  
u s e r .  I f  t h e  u s e r  wishes t o  s ave  a  s e t  of s p e c i a l  
c o n s t r a i n t s  f o r  a  f u t u r e  i n t e r a c t i v e  s e s s i o n  he can 
c r e a t e  a  f i l e  on t h e  d i s k  which can be read  back a s  
r equ i r ed .  Seve ra l  such f i l e s ,  may e x i s t  a s  t h e  u s e r  
must d e f i n e  a  s u i t a b l e  name f o r  each  f i l e  when h e  
saves  it ( o p t i o n a l )  . 
2 . 3  Operat ion Sequence 
The o p e r a t i o n  of  ISP is d iv ided  i n t o  f i v e  phases ( s e e  Fig .  1 )  
Program I S P  
S t a r t  
u  
Phase 1 : Adjus t ing  macro a l l o c a t i o n  
o f  l and  (and c r e a t i n g  f i r s t  
t r i a l  a l l o c a t i o n )  
I 
Phase 2 : Adding/modifying/deleting 
s p e c i a l  c o n s t r a i n t s  
Phase 3 : Solv ing  f o r  new micro 
a l l o c a t i o n  a t  each t ime 
p e r i o d  
Phase 4 : Examining r e s u l t s  
Program ISPREP 
1 
copy r e p o r t s  of s e l e c t e d  
t r i a l  s o l u t i o n s  
F igu re  1. Opera t iona l  Phases of  ISP 
Phase 1 t o  4 c o n t a i n  t h e  complete ISP  model and Phase 5 is  
a  s e p a r a t e  program (ISPREP) t o  p repare  d e t a i l e d  r e p o r t s  of  
s e l e c t e d  t r i a l  s o l u t i o n s .  The arrows i n  F igure  1 i n d i c a t e  t h e  
a l lowable  moves between t h e  f i r s t  f o u r  phases .  I n  most ca ses  
t h e  moves a r e  made a t  t h e  u s e r s  command. There a r e  two excep- 
t i o n s .  The move from Phase 3 t o  4 (marked " a " )  is  automat ic  
once Phase 3 is  complete.  Also,  it is  usua l  from t h e  " s t a r t "  
t o  go s t r a i g h t  t o  Phase 4 (marked "u" )  once a  f i r s t  t r i a l  so lu-  
t i o n  has  been e s t a b l i s h e d  and a  " r e s u l t s "  f i l e  a l r e a d y  e x i s t s .  
I n  normal c i rcumstances  t h e  u s e r  w i l l  begin an i n t e r a c t i v e  
s e s s i o n  s t a r t i n g  from t h e  l a s t  s o l u t i o n  gene ra t ed  a t  t h e  prev ious  
s e s s i o n .  The program immediately e n t e r s  Phase 4 t o  a l low t h e  
u s e r  t o  examine any of h i s  p rev ious  t r i a l s  con ta ined  i n  t h e  
" r e s u l t s "  f i l e .  I f  d e s i r e d ,  t h e  u s e r  can use ISP  only  t o  
examine prev ious  s o l u t i o n s .  There  is  no requirement  t o  c r e a t e  
new s o l u t i o n s .  
2 . 4  R e l i a b i l i t y  
Except for  as y e t  undiscovered '  "bugs",  ISP  should  produce 
p r e d i c t a b l e  r e s u l t s .  There i s ,  however, one problem which may 
occur  i f  t h e  u s e r  a t t empt s  t o  s o l v e  an i n f e a s i b l e  problem ( f o r  
example, by imposing s p e c i a l  c o n s t r a i n t s  which v i o l a t e  t h e  
a p r i o r i  de f ined  produc t ion  and l and  a r e a  c o n s t r a i n t s ) .  I n  t h i s  
c a s e  t h e  a lgo r i t hm used t o  s o l v e  t h e  maximum.entropy problem 
may f a i l .  The va r ious  f a i l u r e  modes a r e  d i scus sed  l a t e r .  I n  
some c a s e s  t h e  f a i l u r e  i s  " s o f t " ,  i . e .  t h e  convergence t o l e r a n c e s  
were no t  q u i t e  met and i n  o t h e r  c a s e s  t h e  f a i l u r e  i s  "ha rd" .  I n  
t h i s  l a t t e r  c a s e  t h e  u se r  should  n o t  save  t h i s  s o l u t i o n  ( a s  i t  
-
i s  l i k e l y  t o  be garbage)  b u t  he  should  r e t u r n  t o  Phase 1 and 
Phase 2 t o  make s u i t a b l e  ad jus tments  t o  h i s  scheme. I t  i s  a l s o  
p o s s i b l e  t h a t  t h e  f a i l u r e  i s  s o  "hard"  t h a t  t h e  program "c ra shes"  
and must be s t a r t e d  aga in .  
2.5 Convergence 
A s  t h e  u s e r  develops  more t r i a l  s o l u t i o n s  based on t h e  
r e s u l t s  of p rev ious  s o l u t i o n s ,  he w i l l  gradua l ly  b u i l d  up a s e t  
of non-dominated s o l u t i o n s .  I t  is  not  envisaged t h a t  t h e  u s e r  
w i l l  be always a b l e  t o  s e l e c t  from t h i s  s e t  a s i n g l e  " b e s t "  
s o l u t i o n .  He should ,  however, be a b l e  t o  s e l e c t  a s e t  of "good" 
s o l u t i o n s  which he w i l l  need examine i n  more d e t a i l  be fo re  a 
f i n a l  ranking i s  proposed. 
There a r e  no s p e c i f i c  a i d s  t o  convergence and hence con- 
vergence a s  such cannot  be guaranteed.  I t  i s  assumed t h a t  t h e  
u s e r  w i l l  l e a r n  something of t h e  behaviour of h i s  p lanning  
problem and w i l l  be  a b l e  t o  use  h i s  own exper ience  and judgement 
t o  make ad jus tments  t o  h i s  a l l o c a t i o n s  i n  an endeavor t o  f i n d  
a b e t t e r  s o l u t i o n .  I t  is envisaged t h a t  some degree  of t r i a l -  
and-error  w i l l  be p r e s e n t  du r ing  t h e  f i r s t  i n t e r a c t i v e  s e s s i o n s .  
2.6 The Eriksson a lgo r i t hm f o r  s o l v i n g  t h e  maximum ent ropy  problem 
The maximum ent ropy  problem which is  formulated a s  a means 
t o  " f o r e c a s t "  t h e  most l i k e l y  new micro s t a t e  a t  each t i m e  
increment i s  so lved  by t h e  a lgo r i t hm developed by Er iksson  (1980) .  
Th i s  a lgo r i t hm i s  i d e a l l y  s u i t e d  t o  t h i s  form o f  problem and 
provides  an e f f i c i e n t  means of coping w i t h  l a r g e  problems. The 
a lgo r i t hm t a k e s  advantage of t h e  o f t e n  s p a r s n e s s  of  t h e  ma t r ix  
of c o n s t r a i n t  c o e f f i c i e n t s  and on ly  t h e  s t o r a g e  of  non-zero 
e lements  i s  r e q u i r e d .  The a lgo r i t hm i s  a l s o  q u i t e  f a s t ,  f o r  
example, t a k i n g  less t h a n  2 seconds (cpu t ime)  t o  s o l v e  one 
t i m e  s t e p  f o r  a problem wi th  26 a c t i v i t i e s  and 35 subreg ions  a t  
t h e  micro l e v e l ,  and 7 a c t i v i t i e s  and 10 r e g i o n s  a t  t h e  macro 
l e v e l  on t h e  VAX a t  IIASA. 
There a r e ,  however, some problems wi th  t h e  a lgo r i t hm,  
p a r t i c u l a r l y  when t h e  u s e r  a t t empt s  t o  s o l v e  a h igh ly  c o n s t r a i n e d  
o r  i n f e a s i b l e  problem. I n  t h e  f i r s t  c a s e ,  t h e  convergence 
t o l e r a n c e s  may n o t  be q u i t e  m e t ,  b u t  most l i k e l y  t h e  r e s u l t s  
w i l l  be q u i t e  accep tab le .  I n  t h e  second c a s e ,  t h e  a lgo r i t hm 
should r e p o r t  t h e  d i f f i c u l t y ,  b u t  on occas ions  it may c r a s h .  
3. PROBLEM D E F I N I T I O N  
3.1 Macro-micro s t r u c t u r e  
The macro s t r u c t u r e  of t h e  land  a l l o c a t i o n  problem i s  
de f ined  by two s e t s  of  parameters  [ i g v ( i )  , igr ( j  ) ]  which asso- 
c i a t e s  each v a r i a b l e ,  and r eg ion ,  w i th  a  p a r t i c u l a r  macro group- 
i ng .  To be meaningful  t h e s e  groupings must be based on some 
i n h e r e n t  c h a r a c t e r i s t i c s  of t h e  a c t i v i t y  s e c t o r s  and subreg ions  
r e s p e c t i v e l y .  For t h e  c a s e  of a c t i v i t i e s ,  some common element 
should be p r e s e n t ,  e . g .  a l l  a c t i v i t i e s  a s s o c i a t e d  wi th  a g r i c u l -  
t u r e  may be l o g i c a l l y  grouped t o g e t h e r .  For the c a s e  of t h e  
s p a t i a l  agg rega t ion ,  p o l i t i c a l  and s o c i a l  boundar ies  could  be 
t h e  major f a c t o r s  i n f l u e n c i n g  t h e  grouping of  r e g i o n s .  
I n  c e r t a i n  c i rcumstances ,  some a c t i v i t i e s  may n o t  be in-  
c luded a t  t h e  macro l e v e l  b u t  s t i l l  e x i s t  a t  t h e  micro l e v e l .  
A c t i v i t i e s  which, f o r  example, do n o t  consume l and  may f a l l  
i n t o  t h i s  ca t ego ry .  I n  such c a s e s ,  t h e s e  a c t i v i t i e s  a r e  given 
a  macro grouping of "@". 
I t  may a l s o  be d e s i r a b l e  t o  exclude c e r t a i n  r eg ions  from 
t h e  macro s t a t e .  This  i s  p o s s i b l e  i n  two ways, depending on 
t h e  d e s i r e d  purpose.  F i r s t l y ,  t h e  u s e r  may be  p r i m a r i l y  in -  
t e r e s t e d  i n  a  s u b s e t  of r eg ions  even t h o u ~ h  t h e  a p r i o r i  de f ined  
produc t ion  g o a l s  a r e  se t  f o r  t h e  r eg ion  a s  a  whole. I t  may be 
u s e f u l ,  t h e r e f o r e ,  t o  group a l l  r eg ions  o u t s i d e  t h e  set  of 
i n t e r e s t  and l a b e l  them a s  " o u t s i d e "  r eg ions  ( r o u t ) .  I f  t h i s  
i s  done t h e  reg ions  a r e  s t i l l  inc luded  f o r  t h e  purpose of  
a l l o c a t i n g  l and  b u t  a r e  excluded from t h e  r e p o r t i n g  phase where 
t h e  macro s t a t e  i s  r epo r t ed .  This  i s  a  u s e f u l  f e a t u r e  s i n c e  t h e  
d a t a  f o r  t h e  " o u t s i d e "  reg ion  may f o r c e  t h e  s c a l i n g  of t h e  
g r a p h i c a l  p r e s e n t a t i o n  t o  be t o o  sma l l  a s  t h e  program a t t empt s  
t o  g e t  a l l  t h e  map o r  graph on t h e  s c r e e n  of t h e  g raph ic  t e rmina l .  
I t  i s  a l s o  p o s s i b l e  t o  exclude c e r t a i n  r eg ions  from t h e  
macro s t a t e  e n t i r e l y  ( " r e x t "  r eg ions )  by d e f i n i n g  t h e i r  r e g i o n a l  
grouping t o  be " @ " .  I n  t h i s  c a s e ,  t h e s e  e x t e r n a l  r eg ions  a r e  
s t i l l  inc luded  i n  t h e  micro s t a t e  b u t  t h e  u s e r  i s  n o t  r e q u i r e d  
t o  make s p e c i f i c  a l l o c a t i o n  of  l a n d  a t  t h e  macro l e v e l .  I t  i s  
n o t  p o s s i b l e  t o  d i r e c t l y  check t h e  c o n s i s t e n c y  of t h e  macro l a n d  
a l l o c a t i o n  f o r  t o t a l  p roduc t i on  g o a l s  s o  t h e  u s e r  must do t h i s  
h i m s e l f .  When t y p e  " @ "  r e g i o n s  a r e  i n c l u d e d ,  and t h e  u s e r  i s  
a l l o c a t i n g  l a n d  (see s e c t i o n  4 . 2 ) ,  t h e  p roduc t i on  d e v i a t i o n s  
( a s  shown i n  F ig .2 )  may be n e g a t i v e .  The va lue  o f  t h i s  n e g a t i v e  
number i n d i c a t e s  t h e  l e v e l  o f  p roduc t i on  r e q u i r e d  from a l l  ex- 
t e r n a l  r e g i o n s  t o  m e e t  t h e  p roduc t i on  g o a l s .  The u s e r  must ,  w i t h  
t h e  knowledge o f  t h e  c u r r e n t  p roduc t i on ,  d e c i d e  whether  t h i s  
f i g u r e  i s  r e a s o n a b l e .  I f  t h e  u s e r  i m p l i e s  t h a t  t o o  much produc- 
t i o n  i s  t o  be ach i eved  from t h e  e x t e r n a l  r e g i o n s ,  t h e r e  may be  
i n s u f f i c i e n t  l a n d  a v a i l a b l e ,  and an  i n f e a s i b l e  s o l u t i o n  r e s u l t .  
3.2 A c t i v i t y ,  r e g i o n  and t i m e  d e s c r i 2 t o r s  
Each a c t i v i t y  and r e g i o n  (both  a t  mic ro  and macro l e v e l s )  
i s  d e f i n e d  by a  f o u r  c h a r a c t e r  d e s c r i p t o r .  Throughout t h e  
o p e r a t i o n s  o f  ISP, t h e s e  d e s c r i p t o r s  a r e  used t o  r e f e r  t o  t h e  
r e l e v a n t  e lement  and hence some c a r e  shou ld  be  e x e r c i s e d  i n  
s e l e c t i n g  a  s u i t a b l e  set o f  d e s c r i p t o r s .  Also ,  t i m e  p e r i o d s  
a r e  d e s c r i b e d  by f o u r  d i g i t  y e a r  numbers. 
The a c t i v i t y  and r e g i o n  d e s c r i p t i o n s  can be  any f o u r  
c h a r a c t e r s  excep t  f o r  t h e  r e s e r v e d  command words a s  l i s t e d  
below: 
v a l l  p a l l  c o n t  back l i s t  
r a t i  wipe c a l l  e x i t  s i n g  
show nond rest sele over  
r o u t  r e x t  s ave  read  d i s p  
d e v i  s k i p  
A l l  d e s c r i p t o r s  chosen by t h e  u s e r  must be  unique i n c l u d i n g  
macro and mic ro  d e s c r i p t o r s  r e f e r r i n g  t o  t h e  same a c t i v i t y  o r  
r eg ion .  D i s t i n c t i o n s  may be  made u s i n g  upper / lower  c a s e  c h a r a c t e r s .  
3.3 I n i t i a l  sys tem s t a t e  
The i n i t i a l  s t a t e  of  t h e  r e g i o n  must b e  d e f i n e d  a t  t h e  
micro l e v e l  i n  t h e  same u n i t s  chosen f o r  each  a c t i v i t y  s e c t o r .  
The p r oduc t i on  l e v e l  of  each a c t i v i t y  i n  each sub reg ion  must be  
d e f i n e d .  I t  is  p e r m i s s i b l e  t o  have ze ro  e lements  i n  t h i s  a r r a y  
though t h e  u s e r  shou ld  be  aware of t h e i r  s i g n i f i c a n c e .  The 
maximum entropy a lgo r i t hm used t o  s o l v e  t h e  new micro a l l o c a t i o n s  
w i l l ,  by i t s  n a t u r e ,  f o r c e  a l l  a c t i v i t i e s  t o  a  ze ro  l e v e l  i f  
t h e i r  i n i t i a l  s t a t e  i s  zero .  Hence i f  t h e  u s e r  wishes t o  i n t r o -  
duce a  new product ion s e c t o r  i n t o  a  r eg ion  he must make a  pos i -  
t i v e  i n t e r v e n t i o n  t o  a l t e r  t h e  i n i t i a l  s t a t e .  This f a c i l i t y  i s  
a v a i l a b l e  i n  Phase 2 where s p e c i a l  c o n s t r a i n t s  a r e  imposed. 
3 . 4  Product ion goa l s  
For each produc t ion  s e c t o r ,  t h e  minimal l e v e l s  t o  be  
s a t i s f i e d  a c r o s s  t h e  whole reg ion  f o r  each t i m e  pe r iod  must be  
a v a i l a b l e .  I n  g e n e r a l  t h e s e  l e v e l s  a r e  t r e a t e d  a s  lower bounds 
on product ion.  I t  is  however p o s s i b l e  f o r  t h e  u s e r  t o  produce 
s o l u t i o n s  which over  s a t i s f y  t h e  produc t ion  g o a l s ,  i f  h e  s o  
wishes .  
3.5 Avai lab le  l and  a r e a s  
For each subregion t h e  t o t a l  l and  a v a i l a b l e  f o r  a l l o c a t i o n  
a t  each t ime pe r iod  must be  determined.  Mostly, we would expec t  
t h a t  t h e  land a v a i l a b l e  w i l l  remain c o n s t a n t  w i th  t i m e ,  b u t  
v a r i a t i o n  i s  pe rmis s ib l e .  In g e n e r a l  it i s  assumed t h a t  any 
product ion s e c t o r  can use  any of t h e  a v a i l a b l e  l and .  Any l i m i -  
t a t i o n s  i n  t h i s  d i r e c t i o n  must be inc luded  (manually) by t h e  
u se r  du r ing  t h e  land  a l l o c a t i o n  (Phase 1 )  and s p e c i a l  c o n s t r a i n t  
(Phase 2 )  phases.  Also t h e r e  i s  no g e n e r a l  way of a l lowing f o r  
two o r  more produc t ion  s e c t o r s  occupying t h e  same p i e c e  of land.  
I t  can be handled ( i n  a  l i m i t e d  way) by d e f i n i n g  t h e  " sma l l e r "  
consumer of l and  to.  be  "non-land consumptive" ( s e e  3 .6)  . 
3.6 Production c o e f f i c i e n t s  
The convers ion from product ion u n i t s  i n t o  land consumption 
is  done by means of a  "produc t ion  c o e f f i c i e n t "  ( i . e .  t h e  produc- 
t i o n  per  u n i t  a r e a  of l a n d ) .  These c o e f f i c i e n t s  must be de f ined  
f o r  each a c t i v i t y  i n  each subregion.  The t i m e  vary ing  charac- 
t e r i s t i c s  f o r  t h e s e  c o e f f i c i e n t s  is inc luded  by an exponen t i a l  
f a c t o r  d e s c r i b i n g  t h e  r a t e  of change ( p e r  y e a r )  of  t h e  
c o e f f i c i e n t s  i n  each s e c t o r .  The c o e f f i c i e n t  should be eva lua t ed  
f o r  t h e  t i m e  corresponding t o  t h e  i n i t i a l  system s t a t e .  
C e r t a i n  a c t i v i t i e s  may b e  "non-land consumpt ive" ,  i . e .  t h e i r  
p r o d u c t i o n  c o e f f i c i e n t  ( a s  d e f i n e d  above) would approach i n f i -  
n i t y .  To cope w i t h  t h i s  p o s s i b i l i t y  a  " l a n d  consumption" coef -  
f i c i e n t  (pl o r  1 )  i s  used s o  t h a t ,  t h e  c o n v e r s i o n  from p r o d u c t i o n  
u n i t s  t o  l a n d  a r e a  w i l l  t a k e  t h e  f o l l o w i n g  form: 
l a n d  a r e a  = 'i ( p r o d u c t i o n  l e v e l )  lJ Ct-to) h . i j  e  1 
where A i s  the p r o d u c t i o n  f o r  u n i t  a r e a  of  l a n d  f o r  a c t i v i t y  
i j 
i i n  r e g l o n  j ,  y$ i s  t h e  r a t e  o f  a n n u a l  change f o r  s e c t o r  i 
4. (+ve f o r  i n c r e a s e s ,  -ve f o r  d e c r e a s e s )  , to i s  t h e  t i m e  o f  t h e  
i n i t i a l  s t a t e  and y i s  t h e  ( p l f l )  l a n d  consumption c o e f f i c i e n t  i 
f o r  a c t i v i t y  i. 
I n  c e r t a i n  s i t u a t i o n s ,  a  p a r t i c u l a r  a c t i v i t y  ( though i n c l u d e d  
i n  t h e  model] may have no i n f l u e n c e  and t h e  p r o d u c t i o n  c o e f f i c i e n t  
may b e  undef ined .  I n  this c a s e  a  z e r o  can b e  i n s e r t e d  p r o v i d i n g  
t h a t  a c t i v i t y  is  a l s o  d e f i n e d  a s  b e i n g  non-land consumptive 
( i . e .  y i=p l ) .  
3 . 7  S t r u c t u r e  o f  o b j e c t i v e s  
The d e f i n e d  p l a n n i n g  o b j e c t i v e s  can t a k e  any form d e s i r e d  
by the u s e r  p r o v i d e d  t h e y  can  b e  computed from a  g i v e n  sys tem 
micro  s t a t e  and any r e q u i r e d  t a b l e s  o f  u s e r  s u p p l i e d  c o e f f i c i e n t s .  
The u s e r  must p r o v i d e  two s u b r o u t i n e s  t o  b e  compiled w i t h  ISP. 
The f i r s t  w i l l  r e a d  from t h e  d a t a  f i l e  t h e  r e q u i r e d  d a t a  t o  
d e f i n e  each  o b j e c t i v e ,  t h e  second w i l l  compute t h e  o b j e c t i v e s  
a s  r e q u i r e d  by ISP ( s e e  S e c t i o n  6 )  . 
O b j e c t i v e s  can b e  d e f i n e d  a s  b e i n g  maximizing o r  minimizing 
and t h e  " b e s t "  and "worse" ( o r  upper  and lower  bounds) s u p p l i e d  
f o r  e a c h  o b j e c t i v e .  These bounds a r e  r e q u i r e d  o n l y  f o r  t h e  
g r a p h i c a l  p r e s e n t a t i o n  o f  o b j e c t i v e s  and do n o t  e f f e c t  t h e  
numeric v a l u e s .  The " b e s t "  and "worse" v a l u e s  a r e  t a k e n  t o  b e  
c o n s t a n t  o v e r  t i m e .  
The o b j e c t i v e s  de f ined  f o r  a  p lanning  problem a r e  no t  
aggregated over  t ime ,  b u t  d i f f e r e n t  l e v e l s  of s p a t i a l  aggre- 
g a t i o n  a r e  included:  
Ca) micro o b j e c t i v e s  a r e  t h e  va lues  of t h e  o b j e c t i v e s  
computed f o r  each micro reg ion  
(b)  macro o b j e c t i v e s  a r e  t h o s e  va lues  computed f o r  each 
macro reg ion  
(c)  g l o b a l  o b j e c t i v e s  a r e  t h o s e  computed f o r  t h e  reg ion  
a s  a  whole o r  some s e t  of r eg ions .  
The va lues  of t h e  o b j e c t i v e s  a t  each of t h e s e  l e v e l s  a r e  
a v a i l a b l e  t o  t h e  u s e r ,  b u t  it i s  t h e  "g loba l "  o b j e c t i v e s  which 
a r e  in tended  f o r  f i r s t  c o n s i d e r a t i o n .  It i s  t h e s e  o b j e c t i v e s  
which a r e  used t o  check f o r  non-dominated s o l u t i o n s  and f o r  a  
g r a p h i c a l  pair-wise comparison between d i f f e r e n t  t r i a l s .  
Ob jec t ives  have t o  be de f ined  a s  be ing  " a c t i v e "  o r  " in-  
a c t i v e " .  Act ive  o  j e c t i v e ~  a r e  used f o r  computing non-dominance 
and d i s p l a y i n g  ( g r a p h i c a l l y )  comparisons between p a i r s  o f  so lu-  
t i o n s .  In  a l l  o t h e r  r e s p e c t s ,  a c t i v e  and i n a c t i v e  o b j e c t i v e s  
a r e  t r e a t e d  i d e n t i c a l l y .  The complete s e t  of  o b j e c t i v e s  should 
be  viewed a s  performance i n d i c a t o r s  which would, o r  cou ld ,  be 
used somewhat s e l e c t i v e l y  by any p a r t i c u l a r  u s e r .  The " a c t i v e n  
o b j e c t i v e s  can be  r e d e f i n e d  ( i n t e r a c t i v e l y )  by a  u s e r  and hence 
may be viewed a s  a  more importance sub-set  of  i n d i c a t o r s .  
Comparisons between a l t e r n a t i v e  s o l u t i o n s  can hence be  made us ing  
d i f f e r e n t  set  of  a c t i v e  o b j e c t i v e s .  A maximum of 5 o b j e c t i v e s  
can be  a c t i v e  a t  any one t i m e .  
3 . 8  Map of reg ion  
When us ing  a  g r a p h i c  t e r m i n a l ,  a  p a r t  of  t h e  g raph ic  d i s p l a y  
op t ions  uses  a  map o f  t h e  reg ion  t o  d i s p l a y  t h e  s p a t i a l  d i s t r i -  
bu t ion  of t h e  land  a l l o c a t i o n s .  The d a t a  f o r  t h i s  map d e f i n e s  
t h e  boundar ies  of  each r eg ion  by sets  of x , y  coo rd ina t e s  ( s ee  
Sec t ion  5 f o r  d e t a i l s ) .  Also,  t h e  l o c a t i o n  o f  t h e  " p i e "  c h a r t s  
is chosen manually t o  p rov ide  f o r  minimum i n t e r f e r e n c e  and 
maximum r e a d a b i l i t y .  
I t  would be usua l  t o  " s t y l i z e "  t h e  a c t u a l  map t o  some degree 
( t o  reduce t h e  d a t a  requirements  and drawing t i m e ) .  Even so  
t h e  use  of a  d i g i t i z e r  i s  one way of reduc ing  t h e  work necessary 
t o  p repare  a  l a r g e  s e t  of x , y  coo rd ina t e s .  The numerical  s c a l e  
of t h e  co-ord ina te  d a t a  i s  unimportant  a s  it i s  au toma t i ca l ly  
s c a l e d  t o  f i t  t h e  l a r g e s t  map on t h e  s c r e e n .  C u r r e n t l y ,  t h e  
s i z e  of t h e  p i e  c h a r t s  i s  f i x e d ,  bu t  t h i s  may r e q u i r e  some 
modi f ica t ion  f o r  p a r t i c u l a r  problems. 
4 .  COMMAND DESCRIPTIONS 
4 . 1  In t roduc t ion  
ISP i s  d r iven  t o t a l l y  ( v i r t u a l l y )  by u s e r  commands and 
hence t h e  e f f e c t i v e n e s s  of t h e  program w i l l  depend t o  a  l a r g e  
e x t e n t  on t h e  u s e r s  knowledge of t h e  commands a v a i l a b l e .  The 
commands a r e  i s s u e d  t o  ISP fo l lowing  t h e  prompt ( " > " )  which 
appears  when t h e  prev ious  command has  been executed.  In  some 
s i t u a t i o n s  o t h e r  prompts a r e  used,  a s  d e t a i l e d  i n  t h e  fo l lowing  
s e c t i o n s .  
Commands o f t e n  have s e v e r a l  arguments s e p a r a t e d  by commas. 
The arguments a r e  g e n e r a l l y  f o u r  c h a r a c t e r s  long ( t h e s e  a r e  
sometimes extended t o  six c h a r a c t e r s )  o r  j u s t  a  s i n g l e  c h a r a c t e r .  
Numeric arguments can be from 1 t o  7 d i g i t s  ( i n c l u d i n g  t h e  
decimal p o i n t  which is only  r equ i r ed  i f  a  f r a c t i o n a l  va lue  i s  
t o  be i n s e r t e d ) .  A l l  commands a r e  t e rmina ted  wi th  a  " c a r r i a g e  
r e t u r n " .  
Many have o p t i o n a l  and/or a l t e r n a t i v e  arguments wich a r e  
d e t a i l e d  i n  t h e  fo l lowing  s e c t i o n s .  In  t h e  command d e s c r i p t i o n s  
t h a t  fo l low,  square  b r a c k e t s  ([.I ) a r e  used t o  i n d i c a t e  o p t i o n a l  
arguments and c u r l y  b r a c k e t s  ( 1 . 1  ) i n d i c a t e  a l t e r n a t i v e  arguments. 
Underlined c h a r a c t e r s  (e .g .  prompts) a r e  t hose  ou tpu t  by t h e  
program. In  t h e  command examples, t h e  fo l lowing  arguments have 
p a r t i c u l a r  meanings. 
vnam - 
rnam - 
vmac - 
r m c  - 
rout*  - 
r e x t *  - 
v a l l *  - 
r a l l *  - 
t ime - 
timed - 
ddrdrd* - 
value - 
k , k l , k 2  - 
f i l e  - 
means any v a l i d  micro a c t i v i t y  name 
means any v a l i d  micro subregion name 
means any v a l i d  macro a c t i v i t y  name 
means any v a l i d  macro subregion name 
r e f e r s  t o  those  regions "ou t s ide"  t h e  
macro s t a t e  
r e f e r s  t o  those  reg ions  " e x t e r n a l "  t o  
t h e  macro s t a t e  
r e f e r s  t o  a l l  micro v a r i a b l e s  
r e f e r s  t o  a l l  micro reg ions  
means. any v a l i d -  year  l a b e l  
means t h e  t i m e  of t h e  i n i t i a l  s t a t e  
means a l l  time per iods  
means any (1-7 d i g i t )  numeric va lue  
means an i n t e g e r  value 
r e f e r s  t o  a  v a l i d  d i s k  f i l e  name 
(up t o  10 c h a r a c t e r s )  
Those arguments above wi th  an " * "  have s p e c i a l  s i g n i f i c a n c e  f o r  
ISP  and can be used (when permi t ted)  t o  express  t h e  appropr i a t e  
command. 
I t  is  important  t o  no te  t h a t  a l l  map drawing and graph 
p l o t t i n g  commands a r e  a f f e c t e d  by t h e  c u r r e n t  s t a t e  of t h e  
"d isp lay"  t a b l e  a s  decr ibed  i n  Sec t ion  4.5.11. 
4 . 2  Phase 1 commands: macro a l l o c a t i o n  of land 
4.2.1 General 
This group of commands al lows the  use r  t o  examine and 
modify a  land use a l l o c a t i o n  a t  t h e  macro l e v e l .  They can a l s o  
be used t o  c o n s t r u c t  t h e  f i r s t  t r i a l  a l l o c a t i o n .  I f  no " r e s u l t s "  
f i l e  e x i s t s ,  ISP e n t e r s  Phase 1  au tomat ica l ly  and r eques t s  t h e  
user  t o  i n p u t  a  f i r s t  t r i a l  a l l o c a t i o n  f o r  each time per iod .  
The a v a i l a b l e  commands enable t h e  user  tcr modify any 
element of h i s  a l l o c a t i o n ,  exarriine h i s  a l l o c a t i o n ,  p l o t  maps 
showing t h e  s p a t i a l  d i s t r i b u t i o n  of h i s  a l l o c a t i o n  by means of 
p i e  c h a r t s  on a  map of t h e  region and p l o t  graphs showing t h e  
v a r i a t i o n s  w i t h  t i m e  of  h i s  a l l o c a t i o n s .  Throughout  t h i s  phase 
a  ":" prompt is  used t o  remind t h e  u s e r ,  t h a t  t h e  f i r s t  argument 
of a l l  commands i s  a  s i n g l e  c h a r a c t e r .  When t h e  u s e r  i s  i n s e r t i n g  
a  new f i r s t  t r i a l  a l l o c a t i o n ,  t h e  program r e q u i r e s  t h a t  t h e  d a t a  
b e  typed i n ,  i n  t h e  same o r d e r  a s  d i s p l a y e d  i n  F i g u r e  2. For  
each macro r e g i o n ,  t h e  program prompts t h e  u s e r  by p r i n t i n g  t h e  
l i n e  c o n t a i n i n g  t h e  a l l o c a t i o n s  a t  t h e  p r e v i o u s  t i m e  s t e p .  
Under t h i s  l i n e  t h e  u s e r  must t y p e  i n  h i s  new a l l o c a t i o n .  Each 
numeric v a l u e  s h o u l d  be t y p e d  d i r e c t l y  under  t h e  c o r r e s p o n d i n g  
one  above a s  shown i n  t h e  " <  ... > "  b r a c k e t s .  The number can i n  
f a c t  b e  anywhere i n  t h e  f i e l d  d e f i n e d  by t h e  " <  ... > " ,  any number 
of s p a c e s  can b e  i n s e r t e d  between t h e  numbers. 
4.2.2 The "c" command 
Once an a l l o c a t i o n  o f  l a n d  i s  comple te  o r  t h e  u s e r  h a s  
completed some d e s i r e d  m o d i f i c a t i o n s  t h e  "c" command i n s t r u c t s  
ISP t o  c o n t i n u e  on t o  Phase  2  ( s p e c i a l  c o n s t r a i n t  p h a s e ) ,  e . g .  
4 .2.3 The "d"  command 
Given a  comple te  a l l o c a t i o n  a t  any t i m e  p e r i o d  ( u s u a l l y  
e x i s t s  e x c e p t  when p a r t  way th rough  i n s e r t i n g  a  f i r s t  t r i a l  
a l l o c a t i o n )  t h e  "d" command p r i n t s  a  t a b l e  showing t h e  macro 
a l l o c a t i o n  o f  l a n d  a t  the c u r r e n t  t i m e  p e r i o d  (see S e c t i o n s  
4 .2 .5  and 4 . 2 . 6 ) .  The F i g u r e  2  shows an  example of  t h i s  t a b l e .  
I n c l u d e d  i n  t h e  t a b l e  a r e  t h e  p r o d u c t i o n  d e v i a t i o n s ,  l a n d  a r e a  
d e v i a t i o n s  and t h e  a l l o c a t i o n  a t  t h e  p r e v i o u s  t i m e  s t e p .  
The p r o d u c t i o n  d e v i a t i o n  (shown a l o n g  t h e  second t o p  l i n e )  
i n d i c a t e s  by how much ( i n  p r o d u c t i o n  u n i t s )  t h e  g i v e n  a l l o c a t i o n  
o f  l a n d  would o v e r  s a t i s f y  t h e  p r o d u c t i o n  g o a l s .  These devia-  
t i o n s  s h o u l d  n e v e r  b e  n e g a t i v e .  ( excep t  i f  t y p e  ' e ) '  r e g i o n s  ex i s t ,  
see s e c t i o n  3 .1 )  
The l a n d  a r e a  d e v i a t i o n s  (shown down t h e  l e f t  hand s i d e  
under each  macro r e g i o n  name) i n d i c a t e  t h e  n e t  unused l a n d  
remaining i n  each macro r e g i o n .  These d e v i a t i o n s  s h o u l d  never  
be  p o s i t i v e .  
The v a l u e s  i n  " <  . . . > "  above each a l l o c a t i o n  a r e  t h e  
c o r r e s p o n d i n g  v a l u e s  a t  t h e  p r e v i o u s  t i m e  s t e p .  I n  t h e  f i r s t  
i n s t a n c e  t h e  i n i t i a l  sys tem s t a t e  v a l u e s  a r e  d i s p l a y e d ,  e . g .  
Time =I980 
kavk  ---- < llgjl>< 
( -1838) 11454 
10mk ---- < 4105>< 
-504) 3962 
17.1n1.c ---- < 7C436>< 
( -1C410) 23397 
s t a k  ---- < 3795>< 
( -1212) 8942 
b u r k  ---- < 1C22>< 
-343: 9C9 
n a i k  ---- < E343>< 
( -5190) 71 13 
s v e k  ---- < 18471>< 
/ 
i -52E3) 16667 
v e l k  ---- < 9553>< 
( -1 623) 9574 
t ~ e k  ---- < 29816>< 
( -2990) 28523 
r o u t  ---- <756731>< 
( - 1  61894) 762857 
i ~ d b  eneb  s e r b  
724" 18* 1072" 
167>< 250>< 16>< 
169 256 17 
22>< 6>< 12>< 
18 6 17 
houb 
7285* 
743) < 
8C4 
43a>< 
485 
1874>< 
1327 
459>< 
489 
21 2>< 
21 2 
222 6> < 
21 38 
521 > <  
629 
91 7>< 
988 
965>< 
959 
23362> < 
241 15 
govb 
2066* 
43>< 
4 1 
32>< 
38 
729>< 
84G 
44i< 
64 
25>< 
3 1 
s l a b  
2* 
9C6>< 
907 
468>< 
469 
938> < 
978 
: 56>< 
156 
74>< 
'7 5 
1 1  1 g>< 
1 120 
106>< 
106 
2038> < 
2039 
1481>< 
1381 
i 5758>< 
1575s 
F i g u r e  2 .  Example t a b l e  o f  macro a l l o c a t i o n  
4 . 2 . 4  The "v"  command 
Except  when i n s e r t i n g  a  new f i r s t  t r i a l  macro a l l o c a t i o n  
(when it i s  done a u t o m a t i c a l l y )  t h e  u s e r  must v a l i d a t e  h i s  
a l l o c a t i o n  a f t e r  making changes .  A series of  c o n s i s t e n c y  
checks  a r e  n e c e s s a r y  t o  e n s u r e  t h a t  s u f f i c i e n t  l a n d  i s  a v a i l a b l e  
and t h a t  t h e  r e g i o n a l  p r o d u c t i o n  g o a l s  can  be  m e t  from t h e  t r i a l  
macro a l l o c a t i o n  o f  l a n d .  The checks  i n s e r t e d  a r e  n o t  i n f a l l i b l e  
b u t  they  w i l l  p i c k  up obvious  e r r o r s .  Checks a r e  made 
t o  ensure  t h a t  t h e  produc t ion  d e v i a t i o n s  a r e  non-negative and 
t h e  land  a r e a  d e v i a t i o n s  a r e  a l l  non-pos i t ive .  I f  any type 
( i . e .  e x t e r n a l )  r eg ions  e x i s t  t h e  checks on t h e  produc t ion  l e v e l s  
a r e  no t  made and it i s  assumed ( a t  t h i s  s t a g e )  t h a t  any s h o r t f a l l  
i n  p roduc t ion  can be made up from a c t i v i t i e s  i n  t h e  " e x t e r n a l "  
r eg ions ,  e . g .  
I f  i n c o n s i s t e n c i e s  e x i s t ,  t h e  u s e r  i s  informed and an 
i n d i c a t i o n  given of t h e  amount of ad jus tments  r e q u i r e d  t o  remove 
t h e  problem. 
4 . 2 . 5  The "n" command 
When Phase 1 i s  f i r s t  e n t e r e d ,  t h e  c u r r e n t  t ime pe r iod  i s  
s e t  a t  t h e  f i r s t  s p e c i f i e d  t i m e  per iod .  The "n" command enables  
t h e  u s e r  t o  s t e p  on t o  t h e  nex t  time pe r iod .  During t h e  i n p u t  
of a  f i r s t  t r i a l  s o l u t i o n ,  t h e  "n" command w i l l  i n s t r u c t  ISP 
t h a t  t h e  u s e r  i s  ready t o  i n p u t  t h e  a l l o c a t i o n  f o r  t h e  nex t  t i m e  
per iod .  The "n" command has  no e f f e c t  once t h e  f i n a l  t ime 
p e r i o d  i s  reached,  e .  g .  
4 . 2 . 6  The "b" command 
A t  any t i m e  t h e  u s e r  can s t e p  back t o  p rev ious  pe r iods  
wi th  t h e  "b" command. The command i s  i n e f f e c t i v e  once t h e  f i r s t  
time pe r iod  i s  reached,  e . g .  
4 . 2 . 7  The "g" command 
The "g" command a l lows  t h e  u se r  t o  examine t h e  macro a l l o -  
c a t i o n  by means of g r a p h i c a l  d i s p l a y s ,  e . g .  
This command w i l l  produce a  map of t h e  s e t  of macro 
reg ions  showing (by means of p i e  c h a r t s )  t h e  p ropor t ion  of l and  
a l l o c a t e d  t o  each macro a c t i v i t y  a t  t h e  c u r r e n t l y  s e l e c t e d  t ime .  
This  map exc ludes  " o u t s i d e "  ( r o u t )  r e g i o n s ,  e . g .  
: g ,  vmac D 
This command produces a  graph showing t h e  v a r i a t i o n  of 
t h e  land  a l l o c a t i o n  wi th  t i m e  f o r  macro v a r i a b l e  "vmac" i n  a l l  
macro reg ions  (excluding " r o u t "  r e g i o n s ) ,  e . g .  
:g ,  rmac E 
This command produces a  graph showing t h e  v a r i a t i o n  of 
t h e  land  a l l o c a t i o n  i n  macro reg ion  "rmac" f o r  a l l  macro 
a c t i v i t i e s ,  wi th  t i m e .  
I n  each of t h e  above two cases  (b and c ) ,  t h e  s c reen  i s  
e r a s e d  and a  new graph drawn. A new graph can be drawn on t h e  
e x i s t i n g  one (wi thout  e r a s i n g )  by t h e  fol lowing command: 
I n  t h i s  c a s e  t h e  s c a l e  used f o r  p l o t t i n g  t h e  f i r s t  graph 
i s  used f o r  t h e  second hence t h e  u s e r  should p l o t  t h e  graph 
wi th  t h e  l a r g e r  (numer ica l ly )  d a t a  va lues  f i r s t .  
- 18 - 
The gene ra l  form of  t h e  "g" command i s  r ep re sen ted  by: 
For problems where t h e  above map and graph may appear  
c l u t t e r e d  and d i f f i c u l t  t o  i n t e r p r e t  i f  - a l l  macro v a r i a b l e s  
and reg ions  a r e  p l o t t e d  t h e  u s e r  can modify t h e  d i s p l a y  t a b l e  
i n  Phase 3  ( see  Sec t ion  4 .5 .11 ) .  
4.2.8 The "m" command 
The "m" command al lows t h e  u s e r  t o  modify any element of 
h i s  c u r r e n t  macro a l l o c a t i o n .  The mod i f i ca t ion  i s  c a r r i e d  o u t  
a t  t h e  c u r r e n t l y  s e l e c t e d  t i m e  pe r iod  (which can be changed wi th  
t h e  "n" o r  "b" commands), e .g .  
t 
: m ,  vmac, rmac, va lue  
- 
This command r e p l a c e s  t h e  e x i s t i n g  va lue  of macro v a r i a b l e  
"vmac" i n  macro r eg ion  "rmac" wi th  "va lue" .  Following any set  
of  changes t o  t h e  macro a l l o c a t i o n  t h e  "v" command must be used 
t o  check i t s  cons i s t ency .  F a i l u r e  t o  do s o  may mean t h a t  t h e  
u se r  a t t empt s  t o  s o l v e  and i n f e a s i b l e  problem. 
4 .3  Phase 2 commands: S p e c i a l  c o n s t a n t  phase 
4.3.1 General  
During t h i s  phase t h e  u s e r  can i n s e r t  a  s e r i e s  of  s p e c i a l  
c o n s t r a i n t s  i n t o  t h e  land  a l l o c a t i o n  problem. There a r e  s e v e r a l  
a l t e r n a t i v e s  a v a i l a b l e :  
( a )  S ing le  v a r i a b l e  c o n s t r a i n t s  a t  t h e  micro l e v e l  
of t h e  form: 
X i j k  c o n s t .  
(b)  Ra t io  c o n s t r a i n t s  between p a i r s  of micro v a r i a b l e s  
i n  t h e  form: 
X i j k / x l m k  {; I cons t .  
(c)  Modif ica t ion  of i n i t i a l  system s t a t e ,  e . g .  t o  r ep l ace  
a  ze ro  e lement  w i t h  a  non-zero va lue  s o  t h a t  a  new 
s e c t o r  can appear  o r  t o  make a  va lue  ze ro  t o  f o r c e  a  
s e c t o r  t o  d i s sappea r .  
( d )  Modify macro land  c o n s t r a i n t s  from an ( t h e  d e f a u l t )  
upper bound form t o  e q u a l i t y  o r  lower bound form. 
Commands a l s o  e x i s t  f o r  l i s t i n g  and modifying p a r t i c u l a r  
s p e c i a l  c o n s t r a i n t s .  The u s e r  i s  a l s o  a b l e  t o  save  (permanently) 
on d i s k  h i s  s e t  o f  s p e c i a l  c o n s t r a i n t s  f o r  use  i n  f u t u r e  i n t e r -  
a c t i v e  s e s s i o n s .  
In  t h i s  phase a  " > "  prompt is used and t h e  f i r s t  argument 
i s  always f o u r  c h a r a c t e r s  long.  
4 . 3 . 2  The "cont"  command 
Once a l l  s p e c i a l  c o n s t r a i n t s  have been i n s e r t e d  and/or 
modif ied,  o r  i f  no s p e c i a l  c o n s t r a i n t s  a r e  r e q u i r e d ,  t h e  "cont"  
command t a k e s  t h e  u s e r  on t o  Phase 3 ( s o l u t i o n  p h a s e ) ,  e .g .  
> c o n t  El 
4 . 3 . 3  The "back" command 
Once i n  Phase 2 ,  t h e  u s e r  can go back t o  Phase 1 a t  any 
t ime w i t h  t h e  "back" command, e . g .  
> back E I  
4 . 3 . 4  The " l i s t "  command 
The " l i s t "  command a l l ows  t h e  u s e r  t o  s e l e c t i v e l y  l i s t  
t h e  s p e c i a l  c o n s t r a i n t s  c u r r e n t l y  imposed, e . g .  
> l i s t  E l  
T hi s  command w i l l  l i s t  a l l  s i n g l e  v a r i a b l e  c o n s t r a i n t s .  
The g e n e r a l  form is :  
l and  
The s i n g l e  v a r i a b l e  c o n s t r a i n t s  can b e  l i s t e d  more 
s e l e c t i v e l y  by s p e c i f y i n g  matching a c t i v i t y  names ( "vnan")  o r  
r e g i o n  names ("rnam" and " t ime"  p e r i o d s .  R a t i o  c o n s t r a i n t s  
a r e  s e l e c t e d  w i t h  t h e  " . r a t i l '  argument and t h e  macro l and  a l l o -  
c a t i o n  c o n s t r a i n t s  w i t h  t h e  " l and"  argument.  I n  t h e s e  l a s t  
two c a s e s  t h e  "t ine" argument i s  n o t  a c t i v e .  Only t h o s e  macro 
l a n d  c o n s t r a i n t s  which have been changed from t h e  d e f a u l t  upper  
bound form a r e  i n c l u d e d  i n  t h e  l i s t .  
4 . 3 . 5  The "wipe" command 
This  command e n a b l e s  t h e  u s e r  t o  remove a l l  o r  s e l e c t e d  
s e t s  of  s p e c i a l  c o n s t r a i n t s .  I t  o b v i o u s l y  s h o u l d  b e  used w i t h  
c a u t i o n  and t o  b e  e f f e c t i v e  t h e  u s e r  i s  r e q u i r e d  t o  r e p e a t  t h e  
f i r s t  argument upon r e q u e s t .  I f  "wipe" i s  n o t  typed  a  second 
t i m e  no a c t i o n  i s  t a k e n .  The g e n e r a l  form is: 
s i n g  
r a t i  
" s i n g "  removes o n l y  s i n g l e  v a r i a b l e  c o n s t r a i n t s ,  " r a t i "  on ly  
r a t i o  c o n s t r a i n t s ,  " l a n d "  r e s t o r e s  a l l  macro l a n d  c o n s t r a i n t s  
t o  t h e  d e f a u l t  upper  bounds,  " c a l l "  comple tes  - a l l  t h r e e  
o p e r a t i o n s .  
4 . 3 . 6  The "save"  command 
The " save"  command a l l o w s  t h e  u s e r  t o  s a v e  on a  d i s k  f i l e  
t h e  comple te  set  of  s p e c i a l  c o n s t r a i n t s ,  i n c l u d i n g  m o d i f i c a t i o n  
t o  t h e  i n i t i a l  s y s t e m  s t a t e .  The u s e r  i s  r e q u i r e d  t o  s p e c i f y  a  
v a l i d  f i l e  name f o r  t h e  d i s k  f i l e  (up t o  10 c h a r a c t e r s )  , hence  
s e v e r a l  d i f f e r e n t  sets o f  s p e c i a l  c o n s t r a i n t s  can  b e  saved .  The 
g e n e r a l  form o f  t h e  command is:  
> s a v e  
F i l e  name: f i l e  
4 . 3 . 7  The " r e a d "  command 
A t  any t i m e  d u r i n g  Phase  2 ,  t h e  u s e r  can  r e p l a c e  t h e  c u r r e n t  
se t  of  s p e c i a l  c o n s t r a i n t s  w i t h  one from a  d i s k  f i l e  u s i n g  t h e  
" r e a d "  command: 
I > r e a d  
- 
1 F i l e  name: f i l e  I 
A use r  beginning an i n t e r a c t i v e  s e s s i o n  may w e l l  use  t h i s  com- 
mand t o  r e s t o r e  t h e  s e t  of s p e c i a l  c o n s t r a i n t s  c u r r e n t  du r ing  
h i s  previous  s e s s i o n .  
4 . 3 . 8  To in se r t /mod i fy  s i n g l e  v a r i a b l e  c o n s t r a i n t s  
Any command t h a t  beg ins  wi th  a  v a r i a b l e  name i s  t aken  as  
be ing  an i n s t r u c t i o n  t o  i n s e r t  o r  modify a  s p e c i a l  c o n s t r a i n t .  
For t h e  fo l lowing  commands, t h e  r e l a t i o n a l  i n d i c a t o r s  (<,=, >, * )  
a r e  used t o  d e f i n e  t h e  form of c o n s t r a i n t  d e s i r e d .  " < "  imp l i e s  
I1  > I1 < , imp l i e s  3 and " * "  makes a c o n s t r a i n t  i n a c t i v e .  
To i n s e r t  a  s i n g l e  v a r i a b l e  c o n s t r a i n t ,  t h e  fo l lowing  
command form is used. 
Note t h a t  t h e  use of t h e  g e n e r a l  arguments "valL",  " r a l l "  and 
gJ3J3Jd i nc lude  s u i t e s  of c o n s t r a i n t s .  Also,  t h e  r e l a t i o n a l  i n d i -  
c a t o r  i s  a t t a c h e d  t o  t h e  "va lue"  hence no comma i s  i n s e r t e d  
between t h e  i n d i c a t o r  and "va lue" .  
I f  a  set  of c o n s t r a i n t s  e x i s t ,  t h e  u s e r  can modify them 
( i .e .  modify t h e  r e l a t i o n a l  i n d i c a t o r  and/or t h e  r i g h t  hand 
"value"  by t h e  command 
' < 
* ,  
va lue ,  r ,  k 
t h i s  c a s e  t h e  " r "  i s  t h e  i n s t r u c t i o n  t o  r e p l a c e  t h e  o l d  
r e l a t i o n a l  i n d i c a t o r  and r i g h t  hand s i d e  w i t h  t h e  new o n e s .  I f  
k  i s  n o t  i n c l u d e d  ( o r  k = % ) ,  a l l  matching c o n s t r a i n t s  a r e  modi f i ed .  
I f  k  I 1 only  t h e  kth occurance  i n  t h e  l i s t  o f  s i n g l e  v a r i a b l e  
c o n s t r a i n t s  i s  modi f i ed .  
I n  some s i t u a t i o n s  t h e  u s e r  may wish t o  f o r c e  t h e  " v a l u e "  
on t h e  r i g h t  hand s i d e  of  t h e  c o n s t r a i n t  t o  t a k e  t h e  a p p r o p r i a t e  
i n i t i a l  s t a t e  v a l u e .  To a c h i e v e  t h i s  t h e  f o l l o w i n g  command i s  
used.  
- v a l l  
* 
I n  t h i s  c a s e  t h e  r i g h t  hand s i d e  v a l u e  is  t a k e n  from t h e  i n i t i a l  
s t a t e .  
The user can  examine e l e m e n t s  i n  t h e  i n i t i a l  s t a t e  w i t h  
t h e  command 
>vnam, rnam, t i m e %  
- 
f o l l o w i n g  which t h e  i n i t i a l  s t a t e  v a l u e  i s  p r i n t e d .  The i n i t i a l  
s t a t e  can b e  m o d i f i e d  by t h e  command 
1 
>vnam, rnam, t i m e % ,  = v a l u e ,  r 
- 
i n  which c a s e  " v a l u e "  is  i n s e r t e d  i n t o  t h e  a p p r o p r i a t e  e l ement  
of  t h e  i n i t i a l  s t a t e .  
4.3.9 To i n s e r t / m o d i f y  r a t i o  c o n s t r a i n t s  
The command s t r u c t u r e  t o  i n s e r t  a  r a t i o  c o n s t r a i n t  i s  
s i m i l a r  t o  t h a t  f o r  t h e  s i n g l e  v a r i a b l e  c o n s t r a i n t s  e x c e p t  t h a t  
two l i n e s  a r e  needed.  The g e n e r a l  form t o  i n s e r t  a  r a t i o  con- 
s t r a i n t  i s  : 
rnam t i m e  
< 
The f i r s t  l i n e  c o n t a i n s  t h e  numerator  d e f i n i t i o n  and t h e  second 
l i n e  t h e  denominator  d e f i n i t i o n  t o g e t h e r  w i t h  t h e  r e l a t i o n a l  
i n d i c a t o r  and t h e  r i g h t  hand s i z e  " v a l u e " .  The " t i m e "  i n  t h e  
numerator  must b e  t h e  same a s  t h a t  i n  t h e  d e n o r - i n a t o r .  
To modify e x i s t i n g  r a t i o  c o n s t r a i n t s  t h e  " r , k N  arguments  
c a n  b e  appended (see S e c t i o n  4 .3 .8 )  , t h u s  : 
When u s i n g  t h e s e  commands t h e  "/" fo l lowed  by a  " c a r r i a g e - r e t u r n "  
b r i n g s  up t h e  ' I *"  prompt f o r  t h e  second l i n e .  
' 
4.3.10 To modify macro l a n d  c o n s t r a i n t s  
vnam rnam j t i m e  
l v a l l l f  I r a l l l l  i g g 9 g / .  
v a l u e ,  r ,  k  
> 
* 
By d e f a u l t ,  a l l  t h e  c o n s t r a i n t s  on t h e  u s e r  d e f i n e d  macro 
l a n d  a l l o c a t i o n s  a r e  t a k e n  a s  upper  bounds. The u s e r  i s  f r e e  t o  
change any of t h o s e  t o  e i t h e r  lower  bound o r  e q u a l i t y  c o n s t r a i n t s .  
H e  can a l s o  s p e c i f y  s e l e c t e d  c o n s t r a i n t s  t o  b e  i n a c t i v e .  
The fol lowing command i s  used: 
< 
:mat, rmac, I;;;;/, 1: , 1 
- 
This  command r e p l a c e s  t h e  c u r r e n t  r e l a t i o n a l  i n d i c a t o r .  The r i g h t  
hand s i d e  va lue  i s  n o t  changed from t h a t  de f ined  by t h e  u s e r  i n  
h i s  macro a l l o c a t i o n .  
4 . 4  Phase 3 commands : So lu t ion  phase 
4 . 4 . 1  General  
Phase 3 i s  t h e  phase where t h e  new micro a l l o c a t i o n s  a r e  
found t o  s a t i s f y  t h e  u s e r  de f ined  macro a l l o c a t i o n  and s e t  of 
s p e c i a l  c o n s t r a i n t s .  For each t i m e  p e r i o d  a  new s o l u t i o n  is  
ob ta ined ,  us ing t h e  s o l u t i o n  a t  t h e  prev ious  t i m e  s t e p  a s  a  
s t a r t i n g  p o i n t .  A s  each s o l u t i o n  i s  found, a  b r i e f  r e p o r t  i s  
p r i n t e d  f o r  t h e  u s e r ,  e . g .  
Time = t i m e  I t e r a t i o n s  = k l  I f a i l =  k2 
k l  was t h e  number of i t e r a t i o n s  taken and k2 t h e  code t o  i n d i -  
c a t e  . t h e  success  o r  f a i l u r e  of  t h e  a lgor i thm.  An I f a i l  = B 
means t h a t  t h e  s o l u t i o n  was s u c c e s s f u l  w i t h i n  t h e  s p e c i f i e d  
t o l e r a n c e s ,  e t c .  Other p o s s i b l e  I f a i l  codes a r e  a s  fo l lows:  
I f a i l = 4  t h e  problem i s  i n c o n s i s t e n t ,  most l i k e l y  caused 
by t h e  imposed s p e c i a l  c o n s t r a i n t s  v i o l a t i n g  
t h e  a p r i o r i  de f ined  produc t ion  and l and  a r e a  
c o n s t r a i n t s .  
I f a i l = 5  t h e  s p e c i f i e d  accuracy n o t  achieved,  most l i k e l y  
r e s u l t i n g  from a  problem which i s  h igh ly  con- 
s t r a i n e d .  The s o l u t i o n  could  be accep tab le .  
I f  t h i s  I f a i l  code a p p e a r s ,  a l i s t  of  v a r i a b l e s  
w i l l  b e  p r i n t e d  which do n o t  s a t i s f y  t h e  conver-  
gence t o l e r a n c e s  t o g e t h e r  w i t h  t h e  v a l u e  and 
l a t e s t  v a l u e  change.  The u s e r  can  use  t h e s e  
r e s u l t s  t o  d e c i d e  i f  t h e  s o l u t i o n  i s  a c c e p t a b l e .  
I f a i l = 6  t h e  s p e c i f i e d  maximum number of  Nl2wton i t e r a t i o n s  
reached  i n  t h e  f i n a l  s t e p .  Probably  caused  by an 
ex t remely  t i g h t l y  c o n s t r a i n e d  problem, t h e  r e s u l t s  
a r e  l i k e l y  t o  b e  u n a c c e p t a b l e .  
I f a i l = 7  t h e  s p e c i f i e d  number of  i t e r a t i o n s  r e a c h e d  
( c u r r e n t l y  set  a t  1 0 0 0 ) .  S o l u t i o n  may, o r  may 
n o t ,  be  a c c e p t a b l e .  
I f a i l = 9  an  i n f e a s i b l e  problem, t h e  r e s u l t s  w i l l  be 
ga rbage .  
The occurence  of  o t h e r  I f a i l  codes  ( e . g .  1 , 2 , 3  and 8 )  w i l l  
i n d i c a t e  some problems w i t h  t h e  b a s i c  d a t a .  I f  an  I f a i l  code 
o t h e r  t h a n  $ o c c u r s ,  t h e  u s e r  i s  g i v e n  t h e  o p t i o n  t o  c o n t i n u e  
( s a v e )  t h e  s o l u t i o n  o r  t o  r e t u r n  t o  Phase 1 .  Some e x p e r i e n c e  
w i l l  b e  n e c e s s a r y  w i t h  each problem b e f o r e  a u s e r  w i l l  have an 
i d e a  o f  what "problem" s o l u t i o n  can  b e  saved .  I f  t h e  f a i l u r e  
i s  s o  " h a r d "  t h a t  t h e  program " c r a s h e s "  t h e n  t h e  u s e r  w i l l  have 
t o  res tar t  t h e  program. Only r e s u l t s  from t h e  c u r r e n t  t r i a l  
w i l l  be l o s t .  
The u s e r  s h o u l d  r e f e r  t o  Appendix C f o r  a d i s c u s s i o n  on 
t h e  s e t t i n g  o f  convergence  t o l e r a n c e s  a s  t h e s e  can  p l a y  an  im-  
p o r t a n t  r o l e  i n  t h e  s u c c e s s  r a t e  f o r  a p a r t i c u l a r  problem. 
4 . 4 . 2  The " c o n t "  command 
Once Phase 3 i s  e n t e r e d  t h e  " c o n t "  command i n s t r u c t s  ISP 
t o  comple te  t h e  s o l u t i o n  o f  t h e  l a t e s t  t r i a l ,  e .g .  
> c o n t  I
4.4.3 The " s k i p "  command 
The u s e r  may d e c i d e  t h a t  he  wants  t o  s t e p  on t o  Phase 4 
( R e p o r t i n g  Phase ) w i t h o u t  s o l v i n g  t h e  l a t e s t  t r i a l .  The " s k i p "  
command w i l l  a c h i e v e  t h i s ,  e . g .  
> s k i p  E l  
I f  t h i s  a c t i o n  i s  t a k e n  t h e  c u r r e n t  macro a l l o c a t i o n  may n o t  
b e  c o n s i s t e n t  w i t h  t h e  l a t e s t  micro  s o l u t i o n .  T h i s  can  b e  
c o r r e c t e d  by t h e  use  of  t h e  " r e s t "  command i n  Phase 4 (see 
S e c t i o n  4 . 5 . 5 ) .  
4.5 Phase 4: R e p o r t i n g  Phase 
4.5.1 Genera l  
The r e p o r t i n g  phase  p r o v i d e s  a  v a r i e t y  of  f a c i l i t i e s  f o r  
t h e  u s e r  t o  examine any o f  t h e  s o l u t i o n s  s o  f a r  g e n e r a t e d .  I f  
an e x i s t i n g  " r e s u l t s "  f i l e  i s  p r e s e n t  when ISP i s  s t a r t e d ,  t h e n  
Phase 4 i s  e n t e r e d  immedia te ly .  Phase  4 can b e  used t o  examine 
s o l u t i o n s  w i t h o u t  t h e  need t o  g e n e r a t e  new s o l u t i o n s .  
Many of  t h e  commands a v a i l a b l e  r e q u i r e  t h e  use  of  a  
g r a p h i c  d i s p l a y ,  b u t  i n  most c a s e s  a  t a b u l a r  r e p o r t  i s  g i v e n  i f  
o p e r a t i n g  i n  a  non-graphic envi ronment .  
4 .5.2 The " c o n t "  command 
The " c o n t "  command e n a b l e s  t h e  u s e r  t o  l e a v e  Phase 4 and 
r e t u r n  t o  Phase 3 s o  t h a t  a d j u s t m e n t s  can  be  made b e f o r e  deve l -  
op ing  a  new t r i a l  s o l u t i o n ,  e . g .  
> c o n t  r l  
4 . 5 . 3  The " e x i t "  command 
The " e x i t "  command i s  u s e d  t o  t e r m i n a t e  t h e  e x e c u t i o n  
o f  ISP a n d  s h o u l d  o n l y  be  u s e d  when t h e  u s e r  w i s h e s  t o  c o n c l u d e  
an  i n t e r a c t i v e  s e s s i o n ,  e . g .  
> e x i t  1_ 
When u s e d ,  t h e  u s e r  must  c o n f i r m  t h e  command by r e - t y p i n g  " e x i t "  
a  s econd  t i m e  (upon r e q u e s t )  b e f o r e  t h e  command i s  e x e c u t e d .  
4 . 5 . 4  The " s e l e c t "  command 
By d e f a u l t ,  t h e  t r i a l  s o l u t i o n  s e l e c t e d  f o r  r e p o r t i n g  i s  
t h e  l a s t  s o l u t i o n  g e n e r a t e d .  To select  any o t h e r  t r i a l  t h e  
" s e l e c t n  command is  u s e d ,  e . g .  
where k i s  t h e  d e s i r e d  t r i a l  number. I f  the " k "  argument  i s  
l e f t  o f f ,  t h e  c u r r e n t l y  s e l e c t e d  s o l u t i o n  number and  t h e  t o t a l  
number o f  t r i a l s  s o  f a r  g e n e r a t e d  is  o u t p u t .  
4 . 5 . 5  The " r e s t "  command 
The u s e r  may w i s h  t o  u s e  some p r e v i o u s  s o l u t i o n  ( o t h e r  t h a n  
t h e  l a s t  o n e  which  i s  t h e  d e f a u l t )  as t h e  b a s i s  f o r  a  new t r i a l  
macro a l l o c a t i o n .  The " r e s t "  command w i l l  r e p l a c e  t h e  c u r r e n t  
macro a l l o c a t i o n  w i t h  t h a t  o n e  from the c u r r e n t l y  s e l e c t e d  
s o l u t i o n  (see " s e l e c t "  command) . 
I 3 rest I 
When b e g i n n i n g  a  new i n t e r a c t i v e  s e s s i o n  the u s e r  c a n  
s p e c i f y  which t r i a l  s o l u t i o n  h e  w i s h e s  t o  b e g i n  from. By d e f a u l t ,  
t h e  l a s t  s o l u t i o n  the ' r e s u l t s '  f i l e  i s  a u t o m a t i c a l l y  c h o s e n ,  b u t  
t h e  u s e r  can  u s e  t h e  ' s e l e c t '  command t o  nomina te  any  o t h e r .  I n  
e i t h e r  c a s e ,  t h e  u s e r  mus t  r e s t o r e  t h e  c o r r e s p o n d i n g  macro 
a l l o c a t i o n  o f  l a n d .  
4 . 5 . 6  The "nond" command 
Once t h e  u se r  has  found two o r  more s o l u t i o n s  he  may w e l l  
wish t o  compare t h e  s e t  of  s o l u t i o n s  t o  t e s t  f o r  dominance. The 
"nond" command w i l l  compare a l l  s o l u t i o n s ,  a t  t h e  g l o b a l  objec- 
t i v e s  l e v e l ,  and r e p o r t  t hose  which a r e  non-dominated, e . g .  
> nond I
Not a l l  o b j e c t i v e s  a r e  t e s t e d  f o r  non-dominance, only t h o s e  
de f ined  a s  being a c t i v e  ( s ee  Sec t ion  4 . 5 . 7 )  . 
4 . 5 . 7    he "show" command 
The "show" command i s  used t o  d i s p l a y  ( i n  va r ious  ways) 
t h e  va lues  of t h e  de f ined  planning o b j e c t i v e s :  
w i l l  g ive  a  b r i e f  r e p o r t  of t h e  g l o b a l  o b j e c t i v e s  f o r  t h e  
c u r r e n t l y  s e l e c t e d  s o l u t i o n  
produces a  g r a p h i c a l  p l o t  showing, f o r  one o b j e c t i v e ,  t h e  va r i a -  
t i o n s  of t h e  macro o r  micro l e v e l  va lues  wi th  t ime.  "m" s e l e c t s  
t h e  macro o b j e c t i v e s  and " i "  t h e  micro o b j e c t i v e s .  "k"  s p e c i f i e s  
t h e  o b j e c t i v e  number. I f  i t  is d e s i r e d  t h a t  a  graph should  be  
p l o t t e d  over a  p rev ious  one (wi thout  e r a s i n g  t h e  s c r e e n )  a  
f o u r t h  argument " 1 " is added, e .  g.  
I n  t h i s  c a s e ,  t h e  s c a l e  o f  p l o t t i n g  is  t h a t  f o r  t h e  f i r s t  p l o t .  
I f  a  non-graphic  t e r m i n a l  i s  b e i n g  used t h e n  t h i s  command w i l l  
produce  a  n u m e r i c a l  o u t p u t  i n  t a b u l a r  form f o r  t h e  macro o r  
micro  o b j e c t i v e s  a s  r e q u i r e d .  I f  a  t a b u l a r  o u t p u t  i s  r e q u i r e d  
on a  g r a p h i c  t e r m i n a l  a  "- 1 " f i n a l  argument i s  used ,  e . g .  
> show, { k ,  -1  
- 
A t a b l e  showing t h e  v a l u e s  o f  a l l  macro o r  micro  o b j e c t i v e s  f o r  
a  s p e c i f i e d  t i m e  p e r i o d  can b e  o b t a i n e d  by: 
(Th i s  command i s  o n l y  c u r r e n t l y  a v a i l a b l e  i f  t h e  t o t a l  number o f  
o b j e c t i v e s  is  f i v e  o r  less)  . 
A s  an a i d  t o  making d i r e c t  compar isons  between s e l e c t e d  
p a i r s  o f  s o l u t i o n s  t h e  "show, c "  command i s  used.  T h i s  command 
i s  o n l y  a v a i l a b l e  on a  g r a p h i c  t e r m i n a l .  The g e n e r a l  form i s  
where k l  and k2 a r e  t h e  s o l u t i o n  numbers s e l e c t e d  f o r  comparison.  
An example of  t h e  r e s u l t i n g  o u t p u t  is shown i n  F i g u r e  3 .  
It i s  e n v i s a g e d  t h a t  t h e  u s e r  may wish  t o  u s e  t h i s  command 
s e v e r a l  t i m e s  i n  s u c c e s s i o n .  Fo l lowing  t h e  f i r s t  "show, c" 
command a  "*"  prompt i s  i s s u e d  and a l l  subsequen t  "show, c "  
commands a r e  hand led  more e f f i c i e n t l y .  To r e t u r n  t o  t h e  g e n e r a l  
command l e v e l  a  s i n g l e  " c a r r i a g e - r e t u r n "  i s  used .  
Only t h o s e  o b j e c t i v e s  d e f i n e d  a s  b e i n g  a c t i v e  a r e  d i s p l a y e d  
w i t h  t h e  "show, c" command ( s e e  ( d ) ) .  
F i g u r e  3 .  Example o f  comparison o f  two s o l u t i o n s  
O b j e c t i v e s  can b e  changed,  i n t e r a c t i v e l y ,  from b e i n g  
a c t i v e  t o  i n a c t i v e  and v i c e  v e r s a ,  a s  f o l l o w s :  
The " s "  arguments  select o b j e c t i v e  number " k "  and t h e  f o u r t h  
argument d e f i n e s  whether  t h e  o b j e c t i v e  is  a c t i v e  o r  n o t :  1 f o r  
a c t i v e ,  0 f o r  i n a c t i v e .  
A l i s t  o f  o b j e c t i v e s ,  w i t h  t h e i r  r e s p e c t i v e  a c t i v e  codes 
is o b t a i n e d  a s  f o l l o w s :  
> show, 1 I - 
C u r r e n t l y  no more than  5 o b j e c t i v e s  can  b e  a c t i v e  a t  any one 
t i m e  . 
4.5.8 To examine macro a l l o c a t i o n s  
A s  allowed i n  Phase 1 ,  t h e  use r  can a l s o  examine h i s  macro 
a l l o c a t i o n  of land e i t h e r  s p a t i a l l y  ( f o r  a  s p e c i f i e d  t ime)  o r  
v a r i a t i o n s  ac ross  time f o r  nominated macro v a r i a b l e s  o r  reg ions .  
The command 
/ - > r a l l ,  g ,  t ime 
w i l l  produce a  map of a l l  macro reg ions  showing t h e  propor t ion  
of land a l l o c a t e d  t o  t h e  var ious  macro a c t i v i t i e s  f o r  t h e  
s p e c i f i e d  " t ime".  
To produce graphs showing t h e  v a r i a t i o n  wi th  time f o r  
s e l e c t e d  macro v a r i a b l e s  o r  reg ions  t h e  fol lowing command i s  
used: 
The o p t i o n a l  t h i r d  argument " 1 "  i s  used f o r  p l o t t i n g  a  second 
graph over an e x i s t i n g  one. 
4.5.9 To examine micro a l l o c a t i o n  
The,complete a l l o c a t i o n  a t  t h e  micro l e v e l  i s  a v a i l a b l e  
t o  t h e  use r  i n  var ious  ways. The u s e r  can examine t h e  micro 
a l l o c a t i o n  i n  any micro region wi th  t h e  command 
Since t h e  a c t i v i t i e s  i n  each region can be on d i f f e r e n t  mea- 
surement sca les ,  a  t a b u l a r  ou tput  i s  always produced when a 
region i s  s e l e c t e d ,  showing t h e  v a r i a t i o n  ac ross  t ime.  
The u s e r  has  t h e  op t ion  of p l o t t i n g  a  graph i f  a  v a r i a b l e  
i s  chosen, by t h e  command: 
s i n c e  v a r i a b l e  "vnam" has  t h e  same u n i t s  a c r o s s  a l l  r eg ions .  
The t h i r d ,  and o p t i o n a l ,  argument i s  used t o  p l o t  a  second graph 
ove r  an e x i s t i n g  graph.  
From t h e  so lved  micro a l l o c a t i o n  it i s  p o s s i b l e  t o  compute 
t h e  land usage by micro a c t i v i t i e s  i n  micro r e g i o n s .  For any 
macro r eg ion ,  t h e  u s e r  can d i s p l a y  t h e  micro subreg ions  and t h e  
computed land  use  f o r  t h e  micro a c t i v i t i e s ,  e . g .  
f r e x t  
w i l l  produce a  map of t h e  s e l e c t e d  macro reg ion  showing t h e  micro 
land  a l l o c a t i o n s  a t  t h e  s p e c i f i e d  t i m e .  I t  should  be emphasized 
t h a t  t h i s  command shows a l l o c a t i o n s  i n  " a r e a  of land" u n i t s  wh i l e  
t h o s e  i n  ( a )  above d i s p l a y  t h e  a c t u a l  p roduc t ion  u n i t s .  
4 . 5 . 1 0  The "devi"  command 
The "dev i "  command a l lows  t h e  u s e r  t o  exanine  t h e  c o n s t r a i n t  
d e v i a t i o n s .  A l l  c o n s t r a i n t s  (i . e .  p roduc t ion ,  land a r e a ,  macro 
land and s p e c i a l  c o n s t r a i n t s )  can be examined s e l e c t i v e l y .  This  
in format ion  can t e l l  t h e  u se r  which c o n s t r a i n t s  were a c t i v e  f o r  
t h e  s o l u t i o n  of t h e  l a t e s t  micro s o l u t i o n .  The d a t a  used f o r  
t h e  "dev i"  command i s  only  a v a i l a b l e  fo l lowing  a  new t r i a l  so lu-  
t i o n ,  a s  it i s  n o t  r e t a i n e d  i n  t h e  " r e s u l t s "  f i l e .  To o b t a i n  
t h e  d e v i a t i o n  f o r  an o l d  s o l u t i o n  t h e  u s e r  needs t o  s o l v e  t h e  
problem aga in .  
- 3 4  - 
The gene ra l  form of t h e  command is :  
The second argument s e l e c t s  t h e  c o n s t r a i n t  s e t  t o  be examined 
(p = product ion c o n s t r a i n t s ,  1 = l and  a r e a  c o n s t r a i n t s ,  m = 
macro land  a l l o c a t i o n  c o n s t r a i n t s ,  s = s p e c i a l  c o n s t r a i n t s ) .  
A s  o u t l i n e d  i n  Sec t ion  4.3.10, t h e  u s e r  de f ined  macro land  
a l l o c a t i o n s  a r e  c r e a t e d  a s  upper bounds. A f t e r  s o l v i n g  a  t r i a l  
a l l o c a t i o n  t h e  u s e r  may wish t o  remove a l l  t h e  s l a c k  from t h e s e  
c o n s t r a i n t s  a s  t h i s  w i l l  have no e f f e c t  on t h e  s o l u t i o n  ob ta ined .  
This impl ies  a  mod i f i ca t ion  t o  t h e  macro land  a l l o c a t i o n .  This 
can be done au toma t i ca l ly  by t h e  command 
which r e p l a c e s  t h e  c u r r e n t  macro a l l o c a t i o n  w i t h  a  " s l ack - f r ee"  
one. Both d e f a u l t  upper bound c o n s t r a i n t s  and any use r  de f ined  
lower bound c o n s t r a i n t s  w i l l  have t h e i r  s l a c k  removed. This 
adjustment  is no t  made t o  t h e  macro a l l o c a t i o n  a l r eady  inc luded  
i n  t h e  " r e s u l t s "  f i l e .  If t h e  u se r  wishes t o  save permanently 
t h i s  " s l ack - f r ee"  a l l o c a t i o n  he  must re-solve t h e  problem and 
c r e a t e  a  new t r i a l  s o l u t i o n .  In  making adjustments  t o  t h e  
macro a l l o c a t i o n  on ly  9 9 %  of t h e  computed s l a c k  va lues  a r e  used. 
This i s  necessary  t o  h e l p  p reven t  t h e  new t r i a l  a l l o c a t i o n  being 
t o o  t i g h t l y  c o n s t r a i n e d  making it d i f f i c u l t  t o  s o l v e .  Also t h e  
user  should check t h e  new a l l o c a t i o n  a t  each t i m e  pe r iod  ( i n  
Phase 1 )  t o  make c e r t a i n  t h a t  a l l  p roduc t ion  and l and  a r e a  
c o n s t r a i n t s  can be  s a t i s f i e d  a t  t h e  macro l e v e l .  Small numerical  
changes i n  t h e  e s t i m a t e d  "macro product ion c o e f f i c i e n t s "  ( see  
Reference 1 )  may mean t h a t  some sma l l  v i o l a t i o n s  need t o  be 
manually removed. 
4 . 5 . 1 1  The " d i s p "  command 
For a l l  g raph ing  and mapping o p t i o n s  i n  ISP, a  d i s p l a y  
t a b l e  i s  used t o  s e l e c t  which a c t i v i t i e s  and/or  r e g i o n s  a r e  
a c t u a l l y  d i sp l ayed .  Th is  i s  neces sa ry  where l a r g e  numbers 
a c t i v i t i e s  and/or  r e g i o n s  a r e  p r e s e n t  and c l u t t e r e d  maps and 
graphs  w i l l  r e s u l t .  By d e f a u l t  a l l  a c t i v i t i e s  and r e g i o n s  
(macro and micro)  a r e  d i sp l ayed .  The u s e r  can d e l e t e  ( o r  
i n c l u d e )  any a c t i v i t y  and r eg ion  a t  any t i m e  by modifying 
t h e  d i s p l a y  t a b l e .  I n  t h e  d i s p l a y  t a b l e ,  each  a c t i v i t y / r e g i o n  
is given a  % / I  f l a g ;  a  1 i n c l u d e s  t h e  r e s p e c t i v e  e lement  wh i l e  
a  % exc ludes  it. To g a i n  acces s  t o  t h e  d i s p l a y  t a b l e ,  t h e  
fo l l owing  command i s  used: 
> d i s p  E I  
and a  " * "  prompt appea r s  t o  enab l e  t h e  u s e r  t o  i s s u e  one of  
a  series of  commands: 
The "in fo l lowed by a  s e t  of v a l i d  v a r i a b l e  o r  r eg ion  names 
(macro o r  micro)  w i l l  i n s e r t  t h e  e lements  a s  be ing  a c t i v e .  Up 
t o  t e n  names can be  i nc luded  i n  t h e  s i n g l e  command l i n e .  The 
"d" w i l l  d e l e t e  t h e  fo l l owing  e lements  from be ing  a c t i v e .  The 
g e n e r a l  names " v a l l "  and " r a l l "  a r e  used t o  i n c l u d e  a l l  nitro 
v a r i a b l e s  and micro r e g i o n s  r e s p e c t i v e l y  i n  t h e  command s t r i n g .  
The "r" and " z "  o p t i o n s  (wi th  no f u r t h e r  arguments)  w i l l  
r e s t o r e  a l l  e lements  t o  be ing  a c t i v e  o r  z e r o  ( . i .e.  make i n a c t i v e )  
-
a l l  e lements  r e s p e c t i v e l y .  
-
The "1"  command produces  a  l i s t i n g  o f  t h e  c u r r e n t  d i s p l a y  
t a b l e .  The " c "  w i l l  a l l o w  t h e  u s e r  t o  c o n t i n u e  back t o  t h e  
g e n e r a l  command l e v e l .  
4 . 6  Phase 5 :  The r e p o r t i n g  program 
A comple te  r e c o r d  of a l l  t r i a l  s o l u t i o n s  i s  r e t a i n e d  i n  
t h e  " r e s u l t s "  f i l e .  Although t h i s  f i l e  i s  " r e a d a b l e "  by t h e  
u s e r ,  it  can become r a t h e r  l a r g e  and c o n t a i n  a  l o t  o f  u n i n t e r -  
e s t i n g  t r i a l  s o l u t i o n s .  A s e p a r a t e  program, ISPREP i s  t h e r e f o r e  
a v a i l a b l e  t o  r e p o r t ,  i n  d e t a i l ,  s e l e c t e d  t r i a l  s o l u t i o n s .  These 
p r i n t - o u t s  w i l l  p r o v i d e  a  permanent r e c o r d  f o r  t h e  u s e r  f o r  
r e f e r e n c e  and d e t a i l e d  s t u d y  of t h e  t r i a l  s o l u t i o n s .  Upon exe- 
c u t i o n  o f  t h e  program ISPREP, t h e  u s e r  can  s u p p l y  up t o  20 t r i a l  
numbers f o r  r e p o r t i n g .  I f  more t h a n  20 a r e  r e q u i r e d  a  second 
e x e c u t i o n  is  n e c e s s a r y .  
The r e p o r t s  g e n e r a t e d  by ISPREP can b e  t a i l o r e d  t o  s u i t  
u s e r  r e q u i r e m e n t s .  These a r e  seven  b a s i c  r e p o r t s  a v a i l a b l e :  
1 .  U s e r  d e f i n e d  macro a l l o c a t i o n  o f  l a n d  
2. Macro s e c t o r s  i n  macro r e g i o n s  
3 .  Macro s e c t o r s  i n  mic ro  r e g i o n s  
4 .  Micro s e c t o r s  i n  macro r e g i o n s  
5. Micro s e c t o r s  i n  micro  r e g i o n s  
6 .  T o t a l  p r o d u c t i o n  v a l u e s  
7 .  O b j e c t i v e  v a l u e s  
The u s e r  c a n  select  any one ,  o r  any combinat ion  o f  t h e  
above r e p o r t s ,  t o  be  p r i n t e d .  A l l  r e p o r t s  a r e  t a b l e s  w i t h  
t i m e  a c r o s s  t h e  page .  R e p o r t s  2,  3 ,  4  and 5 a r e  p r e s e n t e d  i n  
t e rms  o f  u n i t s  of  p r o d u c t i o n  and computed l a n d  a r e a .  Repor t  6  
compares a c t u a l  and a p r i o r i  d e f i n e d  p r o d u c t i o n  l e v e l s  a c r o s s  the 
whole r e g i o n .  
5 .  DATA FILE PREPARATION 
5 . 1  General 
A l l  f i e l d s  a r e  ( l i m i t e d )  f r e e  format wi th  up t o  5  d i g i t s  
f o r  i n t e g e r  numbers and 7 d i g i t s  ( i nc lud ing  decimal p o i n t  i f  
necessary)  f o r  f l o a t i n g  p o i n t  numbers. Decimal p o i n t s  need 
only be  i n s e r t e d  i f  a b s o l u t e l y  necessary .  Each number must be 
s e p a r a t e d  by a  comma ( , )  o r  a  space ,  i f  l e s s  than  t h e  above f i e l d  
widths a r e  used. A maximum of - t e n  numbers can be inc luded  i n  a  
s i n g l e  l i n e ,  e x t r a  l i n e s  a r e  i n s e r t e d  u n t i l  t h e  complete s e t  of 
va lues  i s  included.  
Two d a t a  f i l e s  a r e  r equ i r ed .  The f i r s t  i s  t h e  problem 
c o n f i g u r a t i o n  f i l e  and t h e  second,  t h e  map d a t a  f i l e .  This  
l a t e r  f i l e  i s  n o t  r equ i r ed  i f  a  non-graphic t e r m i n a l  i s  being  
used. Example of t h e s e  d a t a  f i l e s  a r e  given i n  Appendix G.  
Note t h a t  f i e l d s  1 6 ,  17 and 18 a r e  r epea t ed  f o r  each o b j e c t i v e .  
5 . 2  Conf igura t ion  Data . F i l e  Formats 
F i e l d  
1 
2  
3 
4 
5  
No of 
Records 
1 
1 
1 
1 
1 
Var iab l e s  
n v , n r , n t , n v g , n r g  
i g v ( i )  , i = l  , nv  
i g r ( j ) ,  j = l , n r  
gvdes (i) ,i= 1 ,mvg 
g r d e s ( j ) ,  j = l , n r g  
Desc r ip t ion  
No.of micro v a r i a b l e s ,  No. 
of micro r e g i o n s ,  No. of 
t i m e  p e r i o d s ,  No. of macro 
v a r i a b l e s ,  No. of macro 
r eg ions  
Xacro v a r i a b l e  a s s o c i a t e d  
wi th  each micro v a r i a b l e  
x a c r o  reg ion  a s s o c i a t e d  
wi th  each micro reg ion  
4 c h a r a c t e r  names f o r  
macro v a r i a b l e s  
4 c h a r a c t e r  names f o r  
macro r eg ions  
I 
F i e l d  
I 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 4  
No o f  
Records 
1 
1 
1 
nv 
nv 
n r  
1 
nv  
1 
1  
V a r i a b l e s  
vdes (i 1 , i= 1 ,  nv  
r d e s  ( j ) ,  j = l , n r  
i t i m e p l ,  i t i m e  (k )  
k = l ,  n t  
x $ ( i , j )  , j = l , n v  
i=l, nv 
s ( i r k )  ,k=  1 , n t  
i=l, nv  
a ( j , k 1  , k = l , n t  
facCi1  , i = l  , n v  
f p r o d ( i ,  j ) ,  j = l , n r  
i = l , n v  
f p t ( i )  , i = l , n v  
nob j  
D e s c r i p t i o n  
4 c h a r a c t e r  names f o r  
micro  v a r i a b l e s  
4 c h a r a c t e r  names f o r  
micro  r e g i o n s  
4 d i g i t  y e a r  d e s c r i p t i o n s  
f o r  i n i t i a l  s t a t e  and 
each  a n a l y s i s  p e r i o d  
I n i t i a l  micro  s t a t e  o f  
s y s  t e m  
Minimum p r o d u c t i o n  l e v e l s  
f o r  e a c h  a c t i v i t y  i n  each 
t i m e  p e r i o d  
Maximum a v a i l a b l e  l a n d  
a r e a s  i n  each  r e g i o n  a t  
each t i m e  p e r i o d  
Land a r e a  consumption 
c o e f f i c i e n t s  f o r  e a c h  
a c t i v i t y  (pl/ 1 ) 
P r o d u c t i o n  c o e f f i c i e n t s  
( p r o d u c t i o n / u n i t  a r e a  of 
l a n d )  a t  i n i t i a l  t i m e  
p e r i o d  
T i m e  dependent  exponent  
f a c t o r  f o r  p r o d u c t i o n  
c o e f f i c i e n t s  
Number o f  o b j e c t i v e s  
5 . 3  Map Data F i l e  Formats 
F i e l d  
16 
17 
1 8  
No of 
Records 
1 
1 
v a r i e s  
F i e l d  
1 
2 
3 
4 
Var iab le  
minmax, oname 
i q t y p e ,  w a x ,  qrmin 
v a r i e s  
No of 
Records 
1 
nP 
nv 
nrg  
Desc r ip t ion  
Minmax code ["min" f o r  a  
minimizing o b j e c t i v e ,  
"nax" f o r  a  maximizing 
o b j e c t i v e ) ,  o b j e c t i v e  
name (up t o  20  c h a r a c t e r s )  
A c t i v e / i n a c t i v e  code 
(9 o r  I . ) ,  b e s t  and worse 
va lues  f o r  o b j e c t i v e  
S e t s  of r e q u i r e d  c o e f f i -  
c i e n t s  t o  e v a l u a t e  
o b j e c t i v e s  . 
Var iab l e  
nP 
i , c x ( i ) ,  c y ( i )  
j l c r x ( j ) ,  c r y ( j 1  
j l c g r x ( j )  , c g r y c j )  
Desc r ip t ion  
Number of co-ord ina te  
p o i n t s  d e f i n i n g  map of 
a l l  reg ions  
Po in t  No, x  co-ord ina te ,  
y co-ordinate  
I 
Cent ro ids  of  micro 
reg ions  t o  l o c a t e  p i e  
c h a r t s  , 
Cent ro ids  of macro 
reg ions  t o  l o c a t e  p i e  
c h a r t s  
Note t h a t  f o r  F i e l d  5 ,  t h e  l i s t  of p o i n t s  d e f i n i n g  t h e  
boundary of a  micro r eg ion  must be i n  c lockwise  o r  an t i -c lockwise  
sequence,  ending wi th  t h e  s t a r t i n g  number s o  t h a t  t h e  boundary 
is  completed. 
? 
F i e l d  
5 
6 .  USER SUPPLED SUBROUTINES (OBDAT and OBVAL) 
For each p lanning  problem, t h e  e v a l u a t i o n  of  t h e  planning 
o b j e c t i v e s  have t o  be formulated by (or  f o r )  t h e  u s e r  i n t o  two 
sub rou t ines  which must be compiled wi th  t h e  main p a r t  of t h e  
code. Two sub rou t ines  a r e  r e q u i r e d ,  "OBDAT" t o  r ead  i n  t h e  
r equ i r ed  d a t a  and "OBVAL" t o  compute t h e  va lues  of t h e  o b j e c t i v e s  
a s  r equ i r ed  by ISP. Exanples of t h e  two sub rou t ines  a r e  inc luded  
i n  Appendix H. The "OBDAT" r o u t i n e  must a l s o  be compiled wi th  
t h e  r e p o r t i n g  program "ISPREP". 
No of 
Records 
2*nr 
I n  t h e  p r e p a r a t i o n  of t h e  problem-specif ic  r o u t i n e s  f o r  a  
new p lanning  problem, t h e  gene ra l  n o t a t i o n  and format should be 
copied from t h e  examples i n  Appendix H. The v a r i a b l e s ,  nob j ,  
minmax, oname, qmax, qmin and i q t y p e  must be inc luded  a s  i nd i -  
c a t e d .  Common block bl  g i v e s  t h e  u s e r  acces s  t o  t h e  b a s i c  
dimensions of the problem. Common block b5 c o n t a i n s  t h e  l o g i c a l  
i npu t /ou tpu t  u n i t  numbers. The d a t a  f i l e  con ta in ing  t h e  confi- 
g u r a t i o n  d a t a  f i l e  i s  " i n " .  Any t a b l e s  of c o e f f i c i e n t s  must 
be a p p r o p r i a t e l y  dimensioned and inc luded  i n  common block b7,  
which appears  i n  bo th  OBDAT and OBVAL r o u t i n e s ,  The g e n e r a l  
sequence f o r  t h e  d a t a  should  fo l low t h e  formats  given i n  
Sec t ion  5.2. 
Var iab le  
i , n r p ( i )  
i p ( i ,  ] I  , j = l . , n r p ( i )  
Desc r ip t ion  
Micro r eg ion  No, No of 
boundary p o i n t s  ( f i r s t  
l i n e ) ,  l i s t  of boundary 
p o i n t s  w i th  f i r s t  = l a s t  
t o  complete boundary 
(second l i n e )  
The second s u b r o u t i n e ,  "OBVAL" , computes t h e  va lues  of t h e  
o b j e c t i v e s .  These va lues  must be computed a t  t h r e e  l e v e l s  
(micro,  macro and g l o b a l )  v i z :  
( a )  Micro Ob jec t ives  : a r e  t h e  va lues  of t h e  o b j e c t i v e s  
computed f o r  each micro reg ion .  The va lue  of t h e  
v a r i a b l e  " i t "  s e t s  t h e  t ime s t e p  f o r  t h e  r e q u i r e d  
computation.  The va lues  a r e  i n s e r t e d  i n t o  t h e  
(b )  Macro Ob jec t ives  : a r e  t h e  va lues  of  t h e  o b j e c t i v e s  
computed f o r  each macro reg ion .  The r e s u l t s  a r e  
i n s e r t e d  i n t o  t h e  a r r a y ,  qm (1, j  ) , j=l  , n rg ;  l = l  , nobj . 
Cc] Global Ob jec t ive  : t h e s e  a r e  t h e  v a l u e s  of t h e  
o b j e c t i v e s  aggregated a c r o s s  any sub s e t  of r e g i o n s ,  o r  
i n c l u d i n g  t h e  whole reg ion .  The g l o b a l  o b j e c t i v e  
can thus  be  used t o  focus  a t t e n t i o n  on a  p a r t  of t h e  
t o t a l  reg ion .  They a r e  s t o r e d  i n  t h e  a r r a y  
g q ( 1 , k )  ; k  = l , n t ,  1 = 1, nobj .  
A P P E N D I X  A: COMMAND SUMMARY 
D e f i n i t i o n s  
A l t e r n a t i v e  arguments a r e  s h ~ w n  i n  
P T 
w o n d l  arguments a r e  shown i n  1- J 
vnam 
rnam 
W a c  
rmac 
r o u t  
r e x t  
v a l l  
r a l l  
t i m e  
r e f e r s  t o  a  v a l i d  f o u r  c h a r a c t e r  micro 
v a r i a b l e  name 
r e f e r s  t o  a  v a l i d  f o u r  c h a r a c t e r  micro 
reg ion  name 
r e f e r s  t o  a  v a l i d  f o u r  c h a r a c t e r  macro 
v a r i a b l e  name 
r e f e r s  t o  a  v a l i d  f o u r  c h a r a c t e r  macro 
reg ion  name 
r e f e r s  t o  t h o s e  r eg ions  de f ined  a s  being 
" o u t s i d e "  t h e  macro s t a t e  
r e f e r s  t o  t hose  r eg ions  de f ined  a s  being 
" e x t e r n a l "  t o  t h e  macro s t a t e  
r e f e r s  t o  (and i n c l u d e s )  a l l  micro 
v a r i a b l e s  
r e f e r s  t o  (and i n c l u d e s )  a l l  micro 
r eg ions  
r e f e r s  t o  a  v a l i d  f o u r  d i g i t  y e a r  l a b e l  
t i m e %  : r e f e r s  t o  a  f o u r  d i g i t  y e a r  l a b e l  f o r  
t h e  d e f i n e d  i n i t i a l  s t a t e  
%%a% : r e f e r s  t o  ( and  i n c l u d e s )  a l l  t i m e  p e r i o d s  
i n  t h e  p l a n n i n g  problem 
v a l u e  : r e f e r s  t o  any (1-7 d i g i t )  numeric v a l u e  
k ,  k l  o r  k2 : r e f e r  t o  an i n t e g e r  v a l u e  
f i l e  : r e f e r s  t o  a  v a l i d  d i s k  f i l e  name 
Phase 1 Commands: A l l o c a t i o n  of  l a n d  a t  macro l a n d  
g t  , F v e r ]  I r o u t  
m ,  vmac, rmac, v a l u e  
c o n t i n u e  t o  Phase  2  1 
d i s p l a y  t a b l e  of  a l l o c a t i o n  i 
v e r i f y  a l l o c a t i o n  ! 1 
s t e p  t o  n e x t  t i m e  
go back t o  p r e v i o u s  t i m e  
p l o t  map of macro a l l o c a t i o n  
p l o t  graph of  macro a l l o c a t i o n s  1 
v e r s u s  t i m e  I I 
I ) t o  modify e lement  i n  macro 1 
a l l o c a t i o n  
3 .  Phase 2: S p e c i a l  C o n s t r a i n t s  
vn am 
l i s t ,  [, I], k i n e ]  
l a n d  
con t 
back 
I s i n g  1 r a t i  i 8 l a n d  
1 c a l l  , 
t o  c o n t i u e  t o  Phase  3 
t o  go back t o  Phase  1 
i 1 s a v e  
t / r e a d  
1 
i 
t o  l i s t  s p e c i a l  c o n s t r a i n t s  
t o  remove s p e c i a l  c o n s t r a i n t s  
t o  s a v e  set  o f  s p e c i a l  c o n s t r a i n t s t  
on d i s k  I 
t o  r e a d  from d i s k  se t  o f  s p e c i a l  1 
c o n s t r a i n t s  I 
! 
t ime0 < $  
vnam 
{ v a l l } ,  { z : : ~ } ,  {i;;; 1, ' T * ,  6va1ue, [{ ['I 
! t o  i n s e r t  o r  change a  s i n g l e  
t 
c v a r i a b l e  c o n s t r a i n t  a t  t h e  micro  I l e v e l  
vnam rnam t i m e  
{Val1 }I {rail )I (0000 1' / 
< 
rnam t i m e  - { z Y } ,  {rail}, { gggg}, > rt 1 v a l u e ,  [ r  1, [ k ]  
 to i n s e r t  o r  change a  r a t i o  t y p e  
I 
l c o n s t r a i n t  a t  t h e  mic ro  l e v e l  
< 
t o  modify macro l a n d  a l l o c a t i o n  
c o n s t r a i n t s  
4 .  Phase 3 :  S o l u t i o n  Phase 
5. Phase 4 :  R e p o r t i n g  Phase 
c o n t  
s k i p  
t o  s o l v e  problem and t h e n  e n t e r  
Phase  4  
t o  s k i p  s o l v i n g  problem and t o  
Phase  4  d i r e c t l y  
e x i t  
s e l e c t ,  [ k ]  
c o n t  
i rest  
I 
I 
r e t u r n  t o  Phase 1 
1 nond 
i 
i 
1 
I 
t o  t e r m i n a t e  s e s s i o n  
t o  select  t r i a l  "k" f o r  r e p o r t i n g  
t o  r e p l a c e  c u r r e n t  macro a l loca t ion  
w i t h  t h a t  one c u r r e n t l y  s e l e c t e d  
t o  l i s t  c u r r e n t  s e t  of non- 
dominated s o l u t i o n s  
t o  d i s p l a y  and change o b j e c t i v e  
a c t i v e / i n a c t i v e  codes 
show, c ,  k l ,  k2 
r a l l ,  g ,  t ime 
vmac 
{:ma:). .I 1 
/:if 1, g ,  t ime 
d i s p  @ 
t o  show o b j e c t i v e  va lues  by graph 
o r  t a b u l a r  p r e s e n t a t i o n s  
t o  compare two t r i a l s  by g r a p h i c a l  
d i s p l a y  
t o  p l o t  a  map of t h e  macro reg ions  
t o  d i sp l ay  macro land  a l l o c a t i o n s  
t o  d i s p l a y  graphs showing macro 
a l l o c a t i o n s  ve r sus  t i s e  
t o  p r i n t  micro s o l u t i o n  i n  t abu la r  
form versus  t ime 
t o  graph micro v a r i a b l e  "vnam" 
i n  a l l  reg ions  versus  t ime 
t o  p l o t  a  map of macro reg ions  
showing micro land  uses  
t o  d i s p l a y  c o n s t r a i n t  d e v i a t i o n s  
t o  r e p l a c e  c u r r e n t  macro a l l o c a -  
t i o n s  wi th  " s l a c k  f r e e "  a l l o c a t i o n  
t o  examine and modify d i s p l a y  
t a b l e s  
APPENDIX B: PROGRAM LOGIC AND SUBROUTINES 
1. ISP logic 
s tart  
no 
mnt 
cont 
Select f l n t   ti^^ pried 
Set u~ constraint tables I k
t 
Sot i n i t i a l  state for epgl 
L 
C m u t s  o b j e c t i n s  
Save results in 'results" f i l e  I 1  = 
1 ex i t  
2 .  Subrout ine  func t ions  
Main: " I s p l a n "  
Subrout ine  "da t a "  
Subrout ine  "obdat"  
Subrout ine  " g a l l "  
Subrout ine  " se t con"  
Subrout ine  "epg l "  
Subrout ine  "access"  
c a l l s  " d a t a "  
c a l l s  "obdat"  
c a l l s  "mapdat" 
s e t s  up i n i t i a l  macro s t a t e  
c a l l s  " g a l l "  
c a l l s  " se tcon"  
sets up i n i t i a l  s o l u t i o n  f o r  
r repgl"  
c a l l s  "epgl"  
c a l l s  "obval"  
saves  s o l u t i o n  i n  " r e s u l t s "  
f i l e  
c a l l s  " acces s "  
: . reads  b a s i c  c o n f i g u r a t i o n s  
d a t a  
: . r eads  o b j e c t i v e  func t ion  d a t a  
: . a l lows  u s e r  t o  se t  up and 
modify macro a l l o c a t i o n  
. a l lows  u s e r  t o  add and modify 
s p e c i a l  c o n s t r a i n t s  
. c a l l s  "mapp" 
. c a l l s  "mgraph" 
: . s e t s  up c o n s t r a i n t  c o e f f i c i e n t  
t a b l e  f o r  each t ime pe r iod  f o r  
I1eppll" 
: . s o l v e s  micro a l l o c a t i o n  problem 
: . a l lows  u s e r  t o  r e p o r t  from l a t e s t  
o r  any, t r i a l  s o l u t i o n  
. c a l l s  "compar" 
. c a l l s  "mapp" 
. c a l l s  "mgraph" 
S u b r o u t i n e  "mapdat" 
S u b r o u t i n e  "compar" 
S u b r o u t i n e  "mgraph" 
T e k t r o n i x  Graph ic  
S u b r o u t i n e s  
: . p l o t s  map of  s e l e c t e d  s e t  o f  
r e g i o n s  and draws p i e  c h a r t s  
showing p r o p o r t i o n i n g  o f  l a n d  
use  
: . p r e p a r e s  a  comparisons b a r  
c h a r t  f o r  any two s e l e c t e d  
t r i a l  s o l u t i o n s  
: . produces  g r a p h s  o f  s p e c i f i e d  
c h a r a c t e r i s t i c s  v e r s u s  t i m e  
: . I'amode", "move", " e r a s e " ,  
"draw",  "home", " l i n e " ,  " c h r "  
APPENDIX C: SOME IMPORTANT VARIABLES 
The fo l lowing  i n t e r n a l  v a r i a b l e s  may need some s p e c i a l  
c o n s i d e r a t i o n  when s e t t i n g  up each new problem. 
( a )  Array: x ( i )  : t h i s  a r r a y  is  used t o  s t o r e  t h e  new 
micro a l l o c a t i o n  f o r  each c a l l  of " epg l " .  The f i r s t  
n  elements c o n t a i n  t h e  new s o l u t i o n  upon e x i t  from 
"eppll" . 
(b)  Array: b  (i) : t h i s  a r r a y  c o n t a i n s  t h e  m c o n s t r a i n t  
d e v i a t i o n s  f o r  t h e  computed micro s o l u t i o n ;  t h a t  i s ,  
t h e  g iven  r i g h t  hand s i d e  c o n s t a n t  minus t h e  computed 
l e f t  hand s i d e  f u n c t i o n .  
(c )  Var iab les :  r a c c ,  aacc:  t h e s e  two v a r i a b l e s  s e t  t h e  
t o l e r a n c e s  f o r  t h e  s o l u t i o n  of t h e  micro s o l u t i o n  i n  
"eppll" and may need a d j u s t i n g  f o r  each new problem. 
" racc"  d e f i n e s  t h e  r e l a t i v e  accuracy and "aacc"  t h e  
a b s o l u t e  accuracy of  t h e  micro a l l o c a t i o n  v a r i a b l e s .  
Convergence i s  achieved i n  "epgl"  when one - o r  o t h e r  
of t h e s e  t o l e r a n c e s  i s  achieved.  
(d l  V a r i a b l e :  maxgen: t h i s  v a r i a b l e  sets t h e  maximum 
number o f  i t e r a t i o n s  a l lowed i n  " e p g l " .  
(el V a r i a b l e s :  i o u t ,  i n p ,  i d a t a ,  i res ,  l p ,  i savE:  t h e s e  
v a r i a b l e s  d e f i n e  v a r i o u s  l o g i c a l  u n i t  numbers f o r  
i n p u t / o u t p u t  o p e r a t i o n s .  
i n p  : i s  used f o r  s t a n d a r d  t t y  i n p u t  
i o u t  : i s  used f o r  s t a n d a r d  t t y  o u t p u t  
i d a t a  : i s  used f o r  c o n f i g u r a t i o n  d a t a  f i l e  
IP : i s  used f o r  t h e  map d a t a  f i l e  
ires : i s  used f o r  t h e  r e s u l t s  d a t a  f i l e  
i s a v e  : is used f o r  t h e  saved  s e t s  o f  s p e c i a l  
c o n s t r a i n t s  
APPENDIX D: ARRAY DIMENSIONING 
The c u r r e n t  v e r s i o n  o f  ISP i s  dimensioned t o  t h e  f o l l o w i n g  
l i m i t s  : 
Number o f  a c t i v i t y  s e c t o r s  a t  micro  l e v e l  (nv)  : 30 
Number of  r e g i o n s  a t  micro  l e v e l ( n r )  : 40 
Number o f  macro a c t i v i t y  s e c t o r s  (nvg) : 10 
Number o f  macro r e g i o n s  ( n r g )  : 10 
Number o f  t i m e  s t e p s  ( n t )  : 10 
Number o f  o b j e c t i v e s  (nob j ) : 20 
I n  a d d i t i o n ,  s e v e r a l  o t h e r  l i m i t i n g  a r r a y  s i z e s  e x i s t  which 
depend on some combina t ion  o f  v a r i o u s  o t h e r  p a r a m e t e r s .  The 
i m p o r t a n t  ones  a r e :  
( a )  N u m b e r  of  v a r i a b l e s  f o r  maximum e n t r o p y  problem: 
( b )  Number o f  c o n s t r a i n t s  a c t i v e  f o r  each  t i m e  s t e p  f o r  
t h e  maximum e n t r o p y  problem: 
where m s  i s  t h e  maximum number o f  s i n g l e  v a r i a b l e  
c o n s t r a i n t s  a c t i v e  a t  any t i m e  p e r i o d  and  m r  i s  t h e  
maximum number o f  r a t i o  t y p e  c o n s t r a i n t s  a c t i v e  a t  
any  t i m e  p e r i o d .  
( c )  Number o f  non-zero  e l e m e n t s  i n  t h e  m a t r i x  o f  c o e f -  
f i c i e n t s  o f  t h e  s e t  o f  c o n s t r a i n t s :  
nz  = 2 Inv * n r )  + [ [ (nvI  * n r J ) + m s  + 2 ( m r )  
I J 
where  nvI  i s  t h e  number o f  a c t i v i t i e s  i n  macro g r o u p  I 
a n d  n r J  i s  t h e  number o f  r e g i o n s  i n  macro g r o u p  J. 
F o r  t h e s e  d i m e n s i o n s  t h e  c u r r e n t  l i m i t s  are: 
i x s i z e  = 2n + 6m : 3000 
m : 400 
nz : 3000 
Cd) T h e r e  are a l s o  l i m i t s  on t h e  t o t a l  number o f  
s i n g l e  v a r i a b l e  and  r a t i o  t y p e  c o n s t r a i n t s  (across 
a l l  t i m e  p e r i o d s ) .  
T o t a l  number o f  s i n g l e  v a r i a b l e  
c o n s t r a i n t s  (ncmax) : 100 
T o t a l  number o f  r a t i o  t y p e  
c o n s t r a i n t s  Insmax) : 50 
( e )  The maximum number o f  t r i a l  s o l u t i o n s  wh ich  c a n  be  
s e a r c h e d  f o r  non-dominance a n d  a c c e s s e d  f o r  t h e  
"show, C" command: ( n a x s o l )  : 5 0  
(£1 The re  are a lso  l i m i t i n g  v a l u e s  p l a c e d  on  t h e  s i z e  o f  
t h e  map d a t a :  
The maximum number o f  c o - o r d i n a t e  p o i n t s  u s e d  t o  
d e f i n e  t h e  r e g i o n  map Cnp) : 225 
The m a x i m u m .  number o f  p o i n t s  r e q u i r e d  t o  d e f i n e  a 
s i n g l e  r e g i o n  boundary  (nbp) : 30 
The a r r a y  d imensions  f o r  a l l  v a r i a b l e s  i s  g i v e n  i n  t h e  
f o l l o w i n g  t a b l e .  
ARRAY 
anlist 
area 
as 
b 
box 
boy 
cgrx 
cgry 
condev 
crx 
cry 
cx 
CY 
exc 
f zc 
fprod 
f;t 
u 
0 
garea 
g€a ix 
grdes 
grdes 
W U ?  
tZX 
gx0 
ic 
iexc 
igr 
i gv 
inct 
i~ 
i q t y ~ e  
ire1 
irp 
ispd 
ispn 
itine 
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DIMENS ION 
10 
nr, nt 
nz 
n 
5 
5 
nrg 
nr g 
n, nt 
nr 
nr 
np 
n? 
n c m x  
1?v 
nv, nr 
n v 
n 
nrg,nt 
naxscl,5,nt 
nobj ,nt 
nr& 
nvg 
nvg, nt 
nvg,nrg,nt 
nvg,nrg 
nz 
ncsax, 4 
nr 
nv 
nv+nr+nvg*nrg, nt 
nr , nbp 
nob j 
m 
m+ 1 
nsmax, 4 
nsnax, 2 
nt 
2 * ~  
ARRAY 
Ir.2C r 
cacv 
ricr 
mi 2v 
ainnax 
nond 
nrP 
oname 
9 
q 1 
q2 
qm 
qnax 
qmin 
rdes 
SP 
SUP 
vdes 
x 
x0 
x00 
XC 
xd 
xdiff 
DIMENSION 
nrg 
nvg 
nr 
nv 
nob j 
naxsol 
nr 
nob j 
nobj , nr 
5, nt 
5,nt 
nob j , nrg 
nob j 
nob j 
nr 
nsmax 
nv, nt 
nv 
ixsize 
nv, nr 
nv*nr 
nv, nr 
nax(nv,nr),nt 
n 
I I 
APPENDIX E: SCREEN FORMATING 
The c u r r e n t  v e r s i o n  of  ISP i s  s e t  up s p e c i f i c a l l y  f o r  a  
T e k t r o n i x  4010/12 s c r e e n  b u t  s h o u l d  a l s o  work on a  4014/15 s c r e e n .  
S e v e r a l  of  t h e  o u t p u t  o p e r a t i o n s  may r e q u i r e  r e - f o r m u l a t i n g  i f  
o t h e r  t y p e s  o f  VDU ( i n  a  non g r a p h i c  env i ronment )  o r  g r a p h i c  
t e r m i n a l  a r e  t o  be used.  Some changes may be n e c e s s a r y  f o r  t h e  
l a r g e r  s c r e e n  t e k t r o n i x  (4014/35) i f  optimum use  i s  t o  be made 
of  t h e  b i g g e r  s c r e e n .  The main a r e a s  t o  be  examined a r e  a s  
f o  1 lows : 
( a )  Format o f  the "macro a l l o c a t i o n  t a b l e " :  t h i s  t a b l e  i s  
o u t p u t ,  upon r e q u e s t ,  i n  s u b r o u t i n e  " g a l l " .  The f o r -  
mat ing  w i l l  depend on t h e  s i z e  o f  t h e  numbers t o  be 
o u t p u t  and t h e  wid th  o f  t h e  s c r e e n  ( i n  number o f  
c h a r a c t e r s ) .  The c u r r e n t  v e r s i o n  is  formated  f o r  up 
t o  s e v e n  macro a c t i v i t y  s e c t o r s  and seven  d i g i t  
numbers (no f r a c t i o n a l  v a l u e s )  . Format numbers, 998, 
9971 9961 9881 987, may r e q u i r e  a d j u s t m e n t .  
Loca t ion  o f  map on s c r e e n :  t h i s  s e t  i n  " t e k p o i n t "  
u n i t s  i n  s u b r o u t i n e  "mapp". The lower  l e f t  hand 
c o r n e r  i s  se t  a t  co -o rd ina te  l o c a t i o n  ( txmin,  tymin)  
and t h e  upper  r i g h t  hand c o r n e r  by t h e  c o - o r d i n a t e s  
(txmax,. tymax).  
(c)  S i z e  o f  p i e  c h a r t s :  t h e  s i z e  of t h e  p i e  c h a r t s  may 
need a d j u s t i n g  and t h i s  i s  ach ieved  by a l t e r i n g  t h e  
v a l u e s  o f  t h e  v a r i a b l e s  " r ado"  and " r a d i "  i n  sub- 
r o u t i n e  mapp. " rado"  i s  t h e  r a d i u s  ( i n  t e k p o i n t s )  o f  
t h e  o u t e r  c i r c l e  and " r a d i "  t h e  r a d i u s  o f  t h e  i n n e r  
c i r c l e .  
(dl  Loca t ion  o f  b a r  c h a r t s :  t h e  b a r  c h a r t s  a r e  used t o  
compare two s o l u t i o n s .  The l o c a t i o n  o f  t h e  c e n t r e  o f  
t h e  bottom o f  t h e  lower b a r  c h a r t  i s  given  by t h e  
co -o rd ina t e  p a i r  ( cx ,  cy )  i n  t e k p o i n t s  i n  s u b r o u t i n e  
" c o m p a ~ "  .
(e) Loca t ion  and s c a l i n g  o f  g raphs :  i n  s u b r o u t i n e  "mgraph" 
t h e  l o c a t i o n  of t h e  g raph  o r i g i n  i s  g i v e n  by ( cx ,  c y )  
t h e  l e n g t h  o f  t h e  x-axis by " x l "  and t h e  l e n g t h  of  t h e  
y-axis by " y l " .  The t i m e  inc rement  i n t e r v a l  a l ong  t h e  
xaxis by " x t "  ( a l l  i n  t e k p o i n t s )  . C u r r e n t l y  each t i m e  
i n t e r v a l  i s  p l o t t e d  an e q u a l  d i s t a n c e  a long  t h e  x -ax i s .  
A l l  maps a r e  s c a l e d  a u t o m a t i c a l l y  t o  be t h e  l a r g e s t  
s i z e  f o r  t h e  a v a i l a b l e  space .  The y -ax i s  on a l l  g raphs  a r e  
s c a l e d  a u t o n a t i c a l l y  s o  t h a t  t h e  l a r g e s t  v a l u e  t o  b e  p l o t t e d  
is  p l aced  a t  t h e  f u l l  s c a l e  p o s i t i o n .  
APPENDIX F: EXAMPLE PRELIMINARY RUN COMMANDS 
ON VAX AT IIASA 
isp.x 1=skd.007 j=skane.map 
Specify terminal bjpe 
(0)-VDU; (1)-TEK4010/12; (2)-12K4015; + 0 
Coes a results file exist? (y/n) :y 
2nd-of-file found 250 
Last solution on file is No. 1 
Reporting phase 
Current solution: No. 1 
> 
sskrep.~ 1=skd.007 10=results Il=printer 
Outcut options - 
1 - User defined macro allocation of land 
2 - Macro sectors in Macro regions 
3 - Macro sectors in Micro regions 
4 - Vicro sectors in Macrc regions 
5 - Micro sectors in ItLcro regions 
6 - Total Production values 
7 - Objectives 
9 - All above 
:1,3,7 
Input list of trials to be reported (up to 20) 
1,5,20 
APPENDIX G: EXAMPLE DATA FILE 
1. Configuration Data File 
1,1,1,1,2,3,2,3,3,5, i&r 
gvsl , gvr2, gvs3, gva4  , gv25, group variable names 
grel,gre2,gre3,gre4,gre,, group region nanes 
varl,vc?r2,varj,var4,var5,var€,var7,var8,var3,~arJ, variable nanes 
reg1 ,reg2,reg3,reg4,reg5,reg6,reg7,reg8,regg,regO, region names 
1975,1980,1985,1990, times 
10,8 ,20 ,5 ,15 ,5 ,6 ,2 ,10 ,9 ,  
3,8,8,6,15,4 
initial state xO 
5,3,25,8,1, 
15,5,30,9,13,4,12,5,20,3 
20,4,2,4,25,3,1?,4,25,8 
5,9,4,6,5,6,7,3,30,6 
30,10,5,12,30,6,3,2,25,9 
15,11 , I 1  ,6,10,9,8,1 ,1595 
5,3,15,9,26,3,30,5,10,2 
20,6,25,4,38,1 ,5969 591 
10,5,70,5,4,4,4,10,8,3 
160,170,180, min prcducton Levels 
n r x  region areas 
land area consuption coefficients 
production coeffs 
time dependent exponent coeffs for 
activities 
2 ,  no. of c5;sctives 
nin inte~zcticn c ~ s t  
1 ,20CO, 4 0 0 0 ,  
1 C , 5 , 5 , 5 , 6 9 6 , 2 , 2 9 2 , 0 ,  
5 , : 0 , 4 , ? , 5 , 5 , 2 , 2 , 3 , 0  
5 , 4 , 1 0 , ? , 4 , 4 , 2 , 2 , 4 , 1 3  
1 1 , 1 1  , 8 , 3 , 9 , 5 , 7 , 3 , 4 , 1  
nin industrial density 
1 , 2 0 , 6 0 ,  
1 9 1  9 1  7 1  , I  , 1 , 1 , 1 , 1 , 1 ,  
1 , l  , I  , I  , I  7 !  , I  ,! , I  , I  
1 9 1  7 1  9 1  9 1  9 1  9 1  9 1  9 1  7 1  
description 
iqtgre, qnax, qain 
in5eraction coeffs. 
interregion distance 
objective descr .ption 
iqype,$rax,qmin 
nztix of coefficients 
2 .  Map Data File 
'c~un22.ry point c3-ordin~tes 
micro region czctres 
m c r o  region centres 
APPENDIX H:  EXAMPLES "OBDAT" AND "OBVAL" SUBROUTINES 
c***+******************+Y************************************* 
c* 
c* Subroutine O B D A T  
c* 
C**************************+************************~********* 
subroutine obdat(nobj,onane,minnax) 
character"3 ninaax(20) 
character*23 onaae(20) 
conEon /bl/ nv,nr,nt,nvg,nrg 
coonon /b5/ iout, in?: in, ires,l , itty 
coonon /b7/ d1(30,4Gi ,a1 [30,4C7,c2,, "0,40) 
connon /m2/ qnax(20),q~in(20),iqtype(2Gj 
read(in,999) nobJ 
fornat(2015) 
resd(in,997) nin~ax(l),oname(l) 
rerd(in, 996) i%ty2e(l ) , qnzx(1 ) ,qcin(i ) 
fcrnst(a3,aZO) 
60 20 i=l ,n-J 
r?ad(in,998) (al(i,j),j=l,nv) 
fornat(i5,2f7.0) 
fcrnat (lOf7.0) 
do 30 j=l ,nr 
rezd(in,9?8) (dl (j ,k) , k=l  ,nr) 
read(in,997) mincax(2),onane(2) 
resd(in,996) iq27pe(Z),qnax(2),q~in(Z) 
do 40 i=l ,nv 
\ read(in,998) (cZ(i,j?,j=l,nr, 
return 
end 
c**************+*+++******+******+************************** 
c* 
C* c* s u b r o u t  ice 53V!-I, 
c* 
c****+****+************************************************* 
eubr out 
di~ensi 
igv(5o), 
couzor! 
common 
connon 
integer r,s 
C 
c evaluate objective 1 
C 
do 100 r=l ,nr 
sum=0. 
do 90 i=l ,nv 
ir=r+nv*(i-1 ) 
do 90 j=l ,nv 
do 90 s=l ,nr 
js=s+nv*(t-1 ) 
90 sum=sun+x ir)*al(i,j)*dl(r,s)*x(js) 
100 q(1 ,r)=sum/lC000. 
do 105 J = l  ,nrg 
105 qn(1, j)=O. 
do 110 j=l ,nr 
110 qn(1 ,igr(j))=q~(l ,igr(j))+q(l ,j) 
gq(1 ,it)=O. 
do 115 j=l ,nr 
1 1  5 gq(1 ,it)=gq(l ,it)+q(l, j) 
C 
c evaluzte o1c~ectlve 2 
C 
do 2G0 j=l ,nr 
sun=O. 
do 150 i=l .nv 
continue 
c o ~ t  inue 
sum=O 
do 230 j=l ,nr 
return 
end 
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